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Even at 
midcycle, 
she wears 
white with 

confidence 





TRI - NORINYL 


Extra midcycle progestin 
to reduce midcycle 


breakthrough bleeding 


Only Tri-Norinyl provides a full 1 mg 
of progestin at the midcycle (days 
8-16) when clinical data indicate that 
breakthrough bleeding and spotting 


are most likely to occur! 


To help control midcycle break- 
through bleeding: make the midpoint 
of the cycle the high point of protection. 


L Data available from Syntex Laboratories, Inc., document 
#TN 82325. 


Serious as well as minor side effects have been reported following 
the use of all oral contraceptives. These include thromboembolic 
disease. Before prescribing Tri-Norinyl, please see brief 
summary of prescribing information on following page. 


© 1988 Syntex Laboratories, Inc. 
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(NORETHINDRONE AND ETHINYL ESTRADIOL) TABLETS 


TRI-NORINYL’ 21-Day Tablets (7 blue tablets of norethin- 
drone 0.5 mg with ethinyl estradiol 0.035 mg, 9 green tablets 
of norethindrone 1.0 mg with ethinyl estradiol 0.035 mg, 5 
blue tablets of norethindrone 0.5 mg with ethinyl estradiol 
TRI-NORINYL: 28-Day Tablets (7 blue tablets of norethin- 
drone 0.5 mg with ethinyl estradiol 0.035 mg, 9 green tablets 
of norethindrone 1.0 mg with ethinyl estradiol 0.035 mg, 5 
blue tablets of norethindrone 0.5 mg with ethinyl estradiol 


0.035 mg; 7 inert tablets) 
BREVICON: 21-Day Tablets (norethindrone 0.5 mg with 
ethinyl estradiol 0.035 mg) 


BR * 28-Day Tablets (21 norethindrone 0.5 mg with 
ethinyl estradiol 0.035 mg tablets followed by 7 inert tablets) 
NORINYL" 1 +35 21-Day Tablets (norethindrone 1 mg with 
ethinyl estradiol 0.035 mg). 

NORINYL’ 1 +35 28- ablets (21 norethindrone 1 mg 
with ethinyl estradiol 0.035 mg tablets followed by 7 

inert tablets) 

NORINYL” 1 +50 21-Day Tablets (norethindrone 1 mg with 
mestranot 0.05 mg 

NORINYL 1 +50 28-Day Tablets (21 norethindrone 1 mg 
with mestrano! 0.05 mg tablets followed by 7 inert tablets) 
NORINYL" 1 + 80 21-Day Tablets (norethindrone 1 mg with 


mestranot 0.08 Oe 
NORINYL’ 1 + 80 28-Day Tablets (21 norethindrone 1 mo, 
with mestranol 0.08 mg tablets followed by 7 inert tablets) 
NORINYL* 2 mg Tablets (norethindrone 2 mg with 
mestranol 01 mg) 

NOR-Q.D* (norethindrone) Tablets 0.35 mg 

ORAL CONTRACEPTIVE (0.C.) AGENTS 


Indications Prevention of pregnancy DOSE-RELATED RISK OF THROMBOEM- 
BOLISM. Because studies have shown a positive association between OC estro- 
gen dose and risk of thromboembolism. it is prudent to minimize estrogen 
exposure. Prescribe an OC with the least amount of estrogen compatible with an 
acceptable pregnancy rate and patient acceptance Start new users on OCs 
containing 0.05 mg or less of estrogen 

Contraindications 1 Known or suspected preonancy (see Warning #5) 2 
Thrombophlebitis or thromboembolic disorders, 3. Past history of deep vein 
fhrombophiebitis or thromboembotic disorders 4 Undagnosed abnormal genital 
bleeding 5 OCs should not be used by women who have or have had any of the 
following à cerebral vascular or coronary artery disease, meclucing myocardial 
infarction. b. Known or suspected carcinoma of the breast. c known or sus- 
pected estrogen dependent neoplasia d benign or malignant liver tumor that 
Geveloped during use of OCs of other estrogen containing products 





relative risk for stroke not shown in prior British studies. in an American study of 
Cerebrovascular disorders in women with and without predisposing causes 
relative risk of hemorrhagic stroke was estimated as 2.0 times greater and 
thrombotic stroke as 4-95 times greater in users than nonusers. A British long- 


sion, hypercholesterolemia, , y 

ihe higher the risk of developing MI, regardless of OC use. OCs were an 
— n i In haa by Han sa risk, it seven al eime no 

ing OC users (sm c à ma condition 

MI) are twice as likely to have a fatal MI as j Rees. OC INUS UDS 
are smokers have a 5-told increased risk of fatal infarction compared to non- 
smoking users, and a 10-12-fold increased risk compared to nonsmoking non- 
users. The number of cigarettes smoked is important. In determining the 
importance of these relative risks, baseline rates for various age groups must be 
considered. Patonates are bonad on Eritish vital statistics whi show acute MI 
death rates 2-3 times less than in the US so US death rates could be 


reaction reporting systems. 


Bri thromboemboksm, including coro- 
nary thrombosis, is directly related to est dose in OCs. OCs with 01 mg or 
more of estrogen were associated with a higher tisk of thromboembolism À 
Saree Tele DAN ral mg but quantity ot estropea may fet Be the sola 
factor ted by a US. study A British study found a positive 
association between dose of progestogen or estrogen and certain thromboempol- 
ic Conditions. Swedish authorities akaa ae ee erg 
episodes when higher estrogen preparations were no longer preser u 
epidemiological studies to determine degree of disease 
Ren te are oe ee Thromboembalic 
in women these 


i y persist for 6 years after discontinuation of OC 
use lor cerebrovascular disease and 9 years for MI, another st oy oop 
i EXCESS MOR- 


with parity, but not with duration of use Until more women under 35 with 

inuous use for 5 or more years ate available, it is not possible to assess 
relative risk for this group. Data from a variety of sources have been 
analyzed to estimate the risk of death associated with various methods 
of contraception. Estimates include combined risk of the contraceptive 
method (e.g, thromboembolic and thrombotic disease for OCs) plus risk 
attributable to pregnancy of abortion if the method fails (which vanes with 


A 


to 


the effectiveness of the contraceptive method) The study concluded that mor- 
tality associated with all contraceptive methods is below that of childberth, 
except for OCs in women over 40 who smoke (Rates given for pill onty 

smokers for each age are for smokers as a class For ‘Neavy” smokers (more 
than 15 Cigarettes a day), the rates would be about double; for “light” smokers 
(less than 15), about half) The lowest mortality is with the condom or 
aan backed up by early abortion The study also concluded that OC 
users smoke, especially over 30. have greater mortality risk than OC users 
who do not smoke 

Risk of thromboembolic and thrombotic disease associated with OCs increases 
with age after 30 and for MI is further mcreased by hypertension, hyperlipide- 
mias; Obesity, diabetes, or history of preeclamptic toxemia, and upea by 
smoking The following chart gives a gross estimate ot risk of death from 
circulatory disorders associated with OC use 


SMOKING HABITS AND OTHER PREDISPOSING 
CONDITIONS RISK ASSOCIATED WITH USE OF OCs 


Age Below 30 30-39 40- 
Heavy smokers C 8 À 
Light smokers D c B 
ed d D co C 
(no predisposing conditions) 
Nonsmokers 
_{other predisposing conditions) c CB BA 


A-—Use associated with very high risk 
B-Use associated with 

C-Use associated with moderate risk 
D-Use associated with low risk 


Physician and patient should be alert to earliest manifestations of thramboembol- 
ac and thrombotic disorders (e.g, thrombophlebitis, pulmonary embolism, cere- 
brovascular insufficiency, coronary occlusion, retinal thrombosis, and mesenteric 
thrombosis), Should any of these occur or be suspected, discontinue OC 
immediately A 4-6 told increased risk of post-surgery thromboembolic comptica- 
tions has been reported in OC users. I! feasible, descontinue OCs af least 4 weeks 
before surgery associated with increased risk of thromboembolism or protonged 
immobilization. Before resuming OC after major surgery or bedrest, balance risks 
of post-surgery thromboembolic complications with Contraceptive needs. Data 
Suggest varicose veins substantially increase risk of ficial venous thrombo- 
šis of the leg. the risk depending on the severity of the varicosities. 2 Ocular 
Lesions Neurc-ocular lesions such as optic neuritis or retinal thrombosis have 
been associated with OC use Discontinue OC if there is unexplained, sudden, or 
gradual, partial or complete loss of vision, onset of proptosis or diplopia; 
papilledema, or retinal vascular lesions; and institute appropriate and 
therapeutic measures 3. Carcinoma: Long-term continuous administration of 
natural or synthetic estrogen in certain animals increases Certain tumors, benign 
or malignant, such as breast, cervix, vagina, uterus, ovary, pituitary and liver 


mammary nodules, benign and malignant, in dogs. Several ret ive case- 
control studies reported an increased relative risk (31-139 times mete 
endometrial Carcinoma with the prolonged use of estrogens in postmenopausa 


S. which are no longer marketed. No statistical association has been reported 
Suggesting an mcreased risk of endometrial cancer in users of conventional 


breast cancer with long-term OC use before age 25 A reduced occurrence of 
benign breast tumors in OC users has been well documented. One study reported 
malignant melanoma more frequently in OC users than controis and suggests an 
increased incidence of urinary tract and thyroid cancers. A prospective study of 
women with cervical dysplasia found an increase in severity and Conversion to 
cancer in situ in OC users compared ta nonusers. This Statistica 

significant after 3-4 years of use. Nonreversa! of dysplasia within the first 

months of pill use was suggested to predict progression after prolonged expo- 
erica WA Oo ae TA ruk ot canot A Be Conv Caneel 

in OC users under 40, particularly those who had used 

over 4 years Juo other studies Suggested an increasing incidenca: of cervical 
neoplasms with longer duration of OC use There have been other reports of 
microglandular hyperplasia of the cervix in OC users. One study reported an 
association between OC use and endocervical adenocarcinoma in summary, 


OC users with a strong family history of breast cancer or have breast 
nodules, fibrocystic disease or abnormal mammograms with particular care 
(See also Warnings, 4. Liver Tumors) 4. Liver Tumors: Sudden severe abdominal 
Fen or abe ae SO CS 1O epee ed haroerriags Ot x Bits hanes There have 

reports associating benign or malignant liver tumors with short-term and 

term OC use One study reported use of OCs with high hormonal potency 
and age over 30 may turt sedep g benda v mapsa a Two 
studies relate risk with duration of use, risk being much greater after 4 or more 
oes ot vee Long-term OC users have an estimated annual incidence of hepato- 


ic arteriography may be useful in diagnosing primary liver neoplasm. Cases 
jy rorida- dp tame kon reported in long-term users of OCs." 
An ical Study suggested a 4-fold increase in relative risk for hepato- 

f carcinoma in OC users lor 8 years or more, which increased to 7 in 
women with markers of hepatitis B. A second study suggested a risk of about 20 
for use in excess of 8 years. 5. Use in or Immedia ec srg ig wnat Airy 
Detects in Offspring, and Malignancy in Female female sex 
Sacks damane the CIMINO TAMANE extteed ie beam i dlethyistibestrol, 4 
ser in utero to rol, a 
nonsteroidal estr have an increased risk of in later life a form of 


induce similar changes. Increased risk of congenital anomalies, heart 
and limb defects, has been reported following use of sex hormones, inciuding 
OCs. in pregnancy. One case-control study estimated a 4.7-fold increased relative 
risk of limb-reduction defects in infants exposed in utero to sex hormones (OCs, 
hormonal withdrawal tests for pregnancy or attempted treatment for threatened 
abortion). Some exposures involved only a few days of treatment. Data 

risk of limb-reduction defects in exposed fetuses is somewhat less than 1 

liwe births. In a large ive Study cardiovascular defects in children born to 
women who temale hormones, ayr during early pregnancy 
occurred at 18.2/1000 births, compared to 78/1 \dren 

in utero. These results are statistically significant. A Welsh study found a statis- 


ive for these uses. There is some evidence that triploidy and other 
of polyploidy are increased among abortuses trom women who become 

ceasing OCs. Embryos with these anomalies are virtually 
always aborted spontaneously. Whether there ts an overall increase in spontane- 
Dus abortion of pregnancies conceived soon after stopping OCs is unknown. H 


i 

: 

i 

2 

$ 
H 
adi 
AIF 
E 


Disease: Studies report 
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$, prediabetic and diabetic OC users 
int Wes and total been 
cinica! significance is unknown. 8 Elevated Biood Pressure: An increase in 


may be no h mm OC users than in nonusers. incidence in users increases with 
exposure and in the fifth year of use is 25-3 times that in the first year Age is 
strongly correlated with 
elevated blood pressure ( nsion), preexisting renal disease, history ot 
loxermwa or elevated blood pressure dur sts doe te opal bes hada 

or retention 


tially useful in menstrual larity. to an OC with a 
temps dees ot ow irregularity, change 


previous ireguiaritk 
pany tumors (e.g. adenomas) has been 


umors among patients with postpill 

amenorrhea wian my meldinee was present. TL Infertility. There is evidence of 

impairment of fertility in women discontinuing OCs in comparison with other 

contraceptive methods, which appears to be independent of duration of use 

Whae impairment diminishes with time. pietbbenbns speren inp ery 
i mont 


Cunas aaar ponn 2 oe ange 3 One study a 
Calamydia trachomatis infection, cause joccal PLD, is 
Seer wah alte n OC ta i as : a wel as Ir the ratio of 

occur in ure ures, the 
moe E harer han 
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Feeding: OCs in the postpartum period may intertere with lactation by decreas 
ing Quantity and quakty of breasi qk A small fraction of OC hormonal agents 
has been identified in milk of mothers receiving OCs. Effects, if any on the 
breast-fed child have not been determined. if feasible. defer OC use until the 
infant nas been weaned Precautions GENERAL 1 Take a complete medical and 
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becoming signifi radan wie talana OCs hand ne G8 OF 
an alternate method of cont to determine whether the 
ed. 4. OCs may cause some fluid retention. Prescribe with caution, 
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tinue OC If jaw develops. 6. Steroid hormones be metabolized in 
patients with impaired liver function and should be 

Such patients. 7 OC users may have disturbances in normal tryptophan metabo- 
lism that may result in a relative pyridoxine deficiency. The clinical significance i 
unknown. 8 Serum folate levels may be depressed by OC use. Since 

woman is predisposed to folate def and incidence of folate 
increases with increasing gestation, if a woman becomes 







ance of treatment, edema, chloasma or melasma which may 
discontinued, breast (tenderness, c 
ance to contact lenses, in corneal curvature tsueparingh, 
weight (increase or decrease), change in cervical erosion l 
possible diminution of lactation when given immediately , 
spree . migraine, increase in size of uterine leiomyomata, eee 
depression, reduced tolerance to carbohydrates, vaginal 
tin-secreting pituitary tumors, chilblains The following adverse reactio 
been reported in OC users and the association has been neither confire 






emature supraventricular contractions. 
Insert), 
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ewe WARNING 
OF PROGESTATIONAL AGENTS DURING THE FIRST 
IONTHS OF PREGNANCY IS NOT RECOMMENDED. 
rogestational agents have been used beginning with the first 
as er of pregnancy in an attempt to prevent habitual abortion or 
i ed abortion. There is no adequate evidence that such 
and there is evidence of potential harm to the fetus 
$ are given duri ing the first four months of pregnancy. 
re, in the vast majority of women, the cause of abortion is 
vum, which progestational agents could not be expected 
Jn addition, the use of progestational agents, with their 
ant properti es, in patients with fertilized defective ova may 
elay | in spontaneous abortion. Therefore, the use of such 
ating the first four months of pregnancy is not recommended. 
jeral reports suggest an association between intrauterine expo- 
p female sex hormones and congenital anomalies including 
tal heart defects and limb reduction defects. One study esti- 
ed a 4,7-fold increased risk of limb reduction defects in infants 
‘in utero to sex hormones (oral contraceptives, hormone with- 
tasts for pregnancy, or attempted treatment for threatened 
tion). Some of these exposures were very short and involved 
ya few: days of treatment. The data suggest that the risk of limb 
: apel fetuses | is somewhat less than 1 in 1,000. 































































mor Beate re aie test ‘a pregnancy. 
4. EEA disconti inue admi nistration should ht of the 



















vascula sorders, EEA SDO; retinal thrombosis: 2. bear dogs 
ted with medroxyprogesterone acetate developed mammary nodules some 
ich were malignant Although nodules occasionally appeared in contro 
they were intermittent in nature; whereas the nodules in the drug 
vals were larger, more numerous, persistent, and there were some 
n ae So Their AA with respect to bel ns 


; Usage | iri a is not recommended (See Warning Box). 
studies in Great Britain and one in this country have shown a 


estima g that users are several limes as likely to pet ores: 
ease without evident cause as nonusers. The American study indi- 
risk did not persist after discontinuation and it was not enhanced 
ued admi nistration. 





TABLETS 

















































cause fluid retention, etal abecne a. y nati er wth AE r 
enced by fluid retention such as epilepsy, migraine, asthma, and cardiac 
renal dysfunction. in irregular bleeding per vaginam bear in mind nonfunctioné 
causes and perform adequate diagnostic measures. Advise pathologis K 
therapy when submitting relevant specimens. Carefully observe patier 
history of psychic depression and discontinue drug if serious dep 
recurs. Any possible influence of prolonged therapy on pituitary, ovanan,ad 
hepatic, or uterine function awaits further study. Decreased glucose tole ! 
has been observed in a smail percentage of patients on estrogen-prox 
combinations, therefore, carefully observe diabetic patients rece ving pra 
therapy. Age constitutes no absolute limiting factor, although onsetol cm 

may be masked. Because of the occasional occurrence of thrombot 
(thrombophlebitis, pulmonary embolism, retinal thrombosis, and. cerebr 
cular disorders) in patients taking estrogen-progestin combinations: and. 
the mechanism is obscure, the physician should be alert to the earliest, 
festation of these disorders. (See Patient information for complete prescrip 
information.) 


ADVERSE REACTIONS: Pregnancy; See Warning. Box); Bre 
reports of breast tenderness or galactorrhea; Skin: sensitivity re 
ing pruritus, urticaria, edema and generalized rash: acne, alope 
ism in a few patients: Thromboembolic Phenomena incl sae i 
phlebitis and pulmonary embolism: g 
The following adverse reactions have been observed in wo 
progestins including medroxyprogesterone acetate: -breakthroug 
spotting; change in menstrual flow; amenorrhea: edema: chang 
changes in cervical erosion and secretions; cholestatic jaundice: : 
with and without pruritus; mental depression; anaphylaxis and at 
reactions; pyrexia; insomnia: nausea and somnolence, _ . 
A statistically significant association has been demonstrated beween i 
estrogen-progestin combination drugs and the serious: adverse rea 
thrombophlebitis, pulmonary embolism and cerebral thrombosis and e 
lism. Therefore, patients on progestin therapy should be carefully observe 
Although available evidence is suggestive, a relationship has been n 
confirmed nor refuted for the association of the serious adverse reactio 
neuro-ocular lesions, e.g; retinal thrombosis and optic neuntis. | 
The following adverse reactions have been observed in patients rece 
estrogen-progestin combination drugs: rise in blood pressure in. suscepti 
individuals; premenstruallike syndrome; changes in libido, changes in. appe 
tite; cystitis-like syndrome; headache; nervousness; dizziness; fatigue; ba 
ache; hirsutism: loss of scalp hair; erythema multiforme; erythema nodosum 
hemorrhagic eruption: and itching. Therefore, observe patients on p Broges 
therapy carefully, 
The following laboratory results may be altered by the use of estroger 
progestin combination drugs: increased sulfobromophthaleim retention an 
other hepatic function tests; coagulation tests (increase in prothrombin fac 
Vil, Vill, X and X); metyrapone test; pregnanediol determination; thyroid funct 
tesis (increase in PBL and butanol extractable protein bound iodine and a 
crease in T uptake values). 


Caution: Federal law prohibits dispensing without prescription. 
For additional product information, see your Upjohn Representative. . 





Upjohn | The Upiohn Company, Kalamazoo, Michigan 49001, US $ 


A Standard 


in Progesterone Therapy 





ein 


——— 
TABLETS 


rovera 
(medroxyprogesterone acetate) 


Three convenient dosage strengths 


The Upjohn Com 
amazoo, Mic 


npany 
Kal lichigan 49001, USA 


©1988 The Upjohn Company Please see adjacent page for brief summary of prescribing information. 
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This issue contains an Editorial, Papers of the Society for Gynecologic Investigation— Continued, a 


Clinical Section beginning on page 54, and a Basic Science Section beginning on page 218. 





EDITORIAL 


Requirements for submission of manuscripts 1 





PAPERS OF THE SOCIETY FOR GYNECOLOGIC INVESTIGATION— 
CONTINUED 





Inactivation of prostaglandins in human decidua vera (parietalis) tissue: 3 
Substrate specificity of prostaglandin dehydrogenase 


M. Linette Casey, PhD, Michaele Delgadillo, Kathy A. Cox, MD, Stefan Niesert, MD, and 
Paul C. MacDonald, MD 


Dallas, Texas 


Prostaglandin dehydrogenase in decidua likely regulates levels of bioactive prostaglandins in 
decidua and those that reach maternal blood, amniotic fluid, and intervening tissues. 


(Contents continued on page 7A) 
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ORTHO PHARMACEUTICAL 
CORPORATION 
Raritan, New Jersey 08869 


8/7” patient continuation ratet 


with Ortho ALL-FLEX*&s:3 Diaphragm. 


Easy for patient to insert— 
the Ortho ALL-FLEX* Diaphragm folds easily. 


Easy for patient to correctly position in vagina— 
the Ortho ALL-FLEX* Diaphragm can be compres 
at any two opposing points around the rim. - 


= 


Prot ae aga í a $ te tor oiy (2% nonoxynol-9) Contraceptive Jelly — 





Contents continued from page 5A 


immunohistochemical localization of renin and angiotensin Il in human 8 
ovaries 

A. Palumbo, MD, C. Jones, BA, A. Lightman, MD, MSc, M. L. Carcangiu, MD, 

A. H. DeCherney, MD, and F. Naftolin, MD, DPhil 

New Haven, Connecticut 


The identification of renin and angiotensin II in specific ovarian compartments indicates their 
local production and suggests their possible role(s) in human reproduction. 


Plasma atrial natriuretic peptide levels during the rat estrous cycle, 15 
pregnancy, and puerperium 

Lony C. Castro, MD, Chander Arora, PhD, Simone Parvez, PhD, Hassan Parvez, PhD, 

Guillermo Valenzuela, MD, and Calvin J. Hobel, MD 

Los Angeles, California, and Paris, France 


Atrial natriuretic peptide levels did not change during the rat estrous cycle but were elevated on 
days 16 to 18 of gestation and for 48 hours after delivery. 


Correlation of human spermatozoa heparin binding with the zona-free 20 
hamster egg in vitro penetration assay 

Jaime M. Vasquez, MD, Martin A. Winer, PhD, Roy L. Ax, PhD, and 

William R. Boone, PhD 

Madison, Wisconsin 


Human spermatozoa heparin binding parameters were significantly correlated with in vitro 
zona-free hamster egg penetration rates; sperm heparin binding may reflect fertilizing poten- 
tial. 


Interferon-y in the diagnosis and pathogenesis of pelvic inflammatory 26 
disease 

Jamie A. Grifo, MD, PhD, Jan Jeremias, BS, William J. Ledger, MD, and 

Steven S. Witkin, PhD 

New York, New York 


Immune-mediated tissue damage and inflammation in patients with pelvic inflammatory disease 
may occur by a mechanism involving the induction of interferon-y production. 


Failed fertilization in human in vitro fertilization analyzed with the 31 
deoxyribonucleic acid-specific fluorochrome Hoechst 33342 


R. B. L. Gwatkin, PhD, J. C. Conover, PhD, R. L. Collins, MD, and M. M. Quigley, MD 
Cleveland, Ohio 


When some oocytes of a patient are fertilized in vitro, nuclear immaturity is the major cause of 
failed fertilization in the other oocytes. 


(Contents continued on page 9A) 
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145 
Fetal Monitor 


(cho GALLE 


Improved efficiency, accuracy, and economy are built 
into the Model 145 with such advanced features as 
COROJ/LATION” Signal Processing for superior 
external tracings ... high resolution, dot-matrix 
printing for clear, accurate trends and annotations... 
automatic rezeroing of tocotransducer for consistent, 
trouble-free recordings... and economical, easy-to- 
load chart paper. 


~~ 


Ea a compact, 

economical monitor 
ideal for 

in-otfice NST 


The 145 makes Antepartum Fetal Evaluation easier 
and more accurate, with minimum involvement by the 
operator and minimum inconvenience to the patient. 


For additional information or a demonstration, 
Call: 

TOLL-FREE: 1-800-243-3952. 

In Connecticut: 203-265-5631. 


61 Barnes Park Road North 


Ci ®COROMETRICS MEDICAL SYSTEMS, INC. 


Wallingford, Connecticut 06492 


Contents continued from page 7A 





Antepartum improvement of abnormal umbilical artery velocimetry: Does 36 
it occur? 

Harbinder S. Brar, MD, and Lawrence D. Platt, MD 

Los Angeles, California 


Although abnormal waveforms are associated with significant perinatal morbidity and mortality, 
improvement occurs in 15% of fetuses and intervention that is based solely on waveforms appears 
premature. 


Effect of ovarian endometriosis on ovulation in rabbits 40 
Carolyn R. Kaplan, MD, Carlton A. Eddy, PhD, David L. Olive, MD, and 

Robert S. Schenken, MD 

San Antonio, Texas 


In the rabbit model, ovarian endometriosis is associated with ovulatory dysfunction; however, this 
is apparently mediated by periovarian adhesions. 


Progesterone antagonist (RU 486) for cervical dilation, labor induction, 45 
and delivery in monkeys: Effectiveness in combination with oxytocin 

Jean Philippe Wolf, MD, Michael Sinosich, PhD, Ted L. Anderson, PhD, 

Andre Ulmann, MD, Etienne E. Baulieu, MD, and Gary D. Hodgen, PhD 

Norfolk, Virginia, and Paris, France 


Progesterone antagonists may be useful adjuncts to labor induction by enhancing cervical 
dilatation and myometrial responsivity to contractile agents. 


Vascular catecholamine sensitivity during pregnancy in the ewe 47 
Margaret K. McLaughlin, PhD, Tara Matthews Keve, BS, and Rosemary Cooke, BS 
Burlington, Vermont 


Pregnancy-induced changes in a-adrenergic sensitivity of the skeletal muscle circulation are 
complex and involve both the routes of metabolism and the receptor population characteris- 
tics. 


CLINICAL SECTION 
E Clinical Opinion 


Avoiding the fixed period and Thanatos syndrome: Obstetrics past, 54 
present, and future 

Harold Schulman, MD 

Mineola, New York 


Anecdotes from literature are used to present an analysis of the glory and romance of the 
profession’s past, its current dilemmas, and a prescription for the future. 
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Surrogacy and Shakespeare: The Merchant’s contract revisited 
John La Puma, MD, David L. Schiedermayer, MD, and John Grover, MD 
Park Ridge, Illinois, and Milwaukee, Wisconsin 


Obstetricians should decline Portia’s role in The Merchant of Venice; they should not be arbiters 
of unethical contracts and should not prescribe or acknowledge surrogacy as a medical 
treatment. 


W Clinical Articles 


Thyrotoxicosis complicating pregnancy 

Lowell E. Davis, MD, Michael J. Lucas, MD, Gary D. V. Hankins, MD, 
Micki L. Roark, RN, and F. Gary Cunningham, MD 

Dallas, Texas 


In 60 women with pregnancy complicated by overt thyrotoxicosis, maternal morbidity and 
perinatal morbidity and mortality were related to thyroid metabolic status at delivery. 


Comparison of immunoreactive gonadotropin-releasing hormone and 
human chorionic gonadotropin in term placentas from normal women and 
those with insulin-dependent and gestational diabetes 

Karen E. Elkind-Hirsch, PhD, Mary V. Raynolds, PhD, and Joseph W. Goldzieher, MD 


Houston, Texas 


The relationship of placental GnRH to the secretion of hCG at term was investigated in normal, 
insulin-dependent, and gestational diabetic women. 


Cesarean section: The House of Horne revisited 
Kenneth J. Leveno, MD, F. Gary Cunningham, MD, and Jack A. Pritchard, MD 
Dallas, Texas 


A note of caution must be sounded before comparison is made between perinatal results taken 
from medical centers located on different continents. 


Respiratory failure in asthma during the third trimester: Report of two 
cases 
Leonard Schreier, MD, Robert M. Cutler, MD, and Vijay Saigal, MD 


Pontiac and Detroit, Michigan 


Life-threatening asthma in pregnancies required mechanical ventilation and metaproterenol 
bronchial irrigation to maintain adequate Pao, but completion of the pregnancies resulted in 
healthy infants. 


Gynecologic screening examinations: Does the 
obstetrician-gynecologist’s spouse comply? 
B. Petrikovsky, MD, PhD, M. Cohen, MD, and J. W. Andreoli, Jr., MD, PhD 


Farmington, Connecticut 


Analysis of a questionnaire sent to practicing obstetrician-gynecologists reveals that their spouses 
do not avail themselves of preventive medical practices. 


10A 





59 


63 


71 


78 


82 


Contents 


Fetal intracranial calcifications 

Alessandro Ghidini, MD, Marina Sirtori, MD, Patrizia Vergani, MD, Silvana Mariani, MD, 
Elio Tucci, MD, and Gian Carlo Scola, MD 

Milan and Como, Italy 


We report the prenatal sonographic visualization of intracranial calcifications in a case of 
congenital cytomegalovirus infection and its diagnostic workup. 


Gravidic macromastia: Case report 
Jean-Gilles Tchabo, MD, and Ellsworth J. Stay, MD 


Surgical treatment of gravidic macromastia leads to desired reduction in breast size after medical 
therapy did not. 


Recurrent thromboembolism in pregnancy and puerperium 
Lilian Tengborn, MD, PhD, David Bergqvist, MD, PhD, Thomas Matzsch, MD, 
Agneta Bergqvist, MD, PhD, and Ulla Hedner, MD, PhD 

Malmö, Sweden 


A retrospective study of women with venous thromboembolism has shown the risk for thrombosis 
during later pregnancy not necessarily to be influenced by heparin. 


Enhanced thrombin generation in normal and hypertensive pregnancy 
Karin de Boer, MD, Jan W. ten Cate, MD, PhD, Augueste Sturk, PhD, 

Judocus J. J. Borm, MD, and Pieter E. Treffers, MD, PhD 

Amsterdam, The Netherlands 


Plasma levels of thrombin-antithrombin III complexes increased in the course of normal 
pregnancy, especially in preeclampsia. 


Reduced serum inhibition of platelet-activating factor activity in 
preeclampsia 

Chiara Benedetto, MD, Marco Massobrio, MD, Elisabetta Bertini, MD, Massimo 
Abbondanza, MD, Nicolino Enrieu, MD, and Ciro Tetta, MD 

Torino, Italy 


A defect in serum potential to inhibit biologic activity of platelet-activating factor was found in 
preeclampsia and may predispose the patient to the potentiated biologic effects of this 
mediator. 


Fetal premature atrial contractions associated with hydralazine 
Jorge G. Lodeiro, MD, Steven J. Feinstein, MD, and Sila B. Lodeiro, MD 


Syracuse, New York 


A fetus exhibited premature atrial contractions | week after initiation of maternal hydralazine 
therapy and the arrhythmia spontaneously subsided after stopping the medication. 
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Administration of pure follicle-stimulating hormone during 
gonadotropin-releasing hormone agonist therapy in patients with 
clomiphene-resistant polycystic ovarian disease: Hormonal evaluations 
and clinical perspectives 

Valentino Remorgida, MD, Pier Luigi Venturini, MD, Paola Anserini, MD, 

Paolo Lanera, PhD, and Luigi De Cecco, MD 


Genoa, Italy 


Good preliminary results in terms of ovulation and pregnancy rates were obtained in first cycles 
of stimulations; prolongation of pituitary suppression altered ovarian response to FSH. 


Pregnancy in premature ovarian failure after therapy with oral 
contraceptives despite resistance to previous human menopausal 
gonadotropin therapy 

Jerome H. Check, MD, Jeffrey S. Chase, MD, and Michael Spence, MD 


Philadelphia, Pennsylvania 


A pregnancy occurred in a woman with premature ovarian failure after cessation of 1 month of 
oral contraceptives, despite previous failure to respond to menotropins. 


Sonographic evaluation of fetal abdominal growth: Predictor of the 
large-for-gestational-age infant in pregnancies complicated by diabetes 
mellitus 

Mark B. Landon, MD, Marshall C. Mintz, MD, and Steven G. Gabbe, MD 


Columbus, Ohio, and Philadelphia, Pennsylvania 


Serial ultrasonography during the third trimester may establish the onset of accelerated fetal 
growth in diabetic pregnancies. 


Second-trimester piacental volume measurement by ultrasound: 
Prediction of fetal outcome 
Hans Wolf, MD, Hans Oosting, PhD, and Pieter E. Treffers, MD 


Amsterdam, The Netherlands 


In a prospective study second trimester placental volume, as measured by ultrasonography, is 
shown to be predictive of fetal outcome. 


The biologic significance of cytologic atypia in progestogen-treated 
endometrial hyperplasia 

Alex Ferenczy, MD, and Morrie Gelfand, MD 

Montreal, Quebec, Canada 


Cytologic atypia in hyperplastic endometrium accurately predicts its invasive carcinoma 
potential and poor response to exogenous progestin therapy. 


Detection of bacterial vaginosis in Papanicolaou smears 

Jens-Jérgen Platz-Christensen, MD, Per-Göran Larsson, MD, Evan Sundström, CT, and 
Lennart Bondeson, MD, PhD 

Skövde, Sweden 


This provides a basis for the use of archival material in retrospective studies with regard to 
possible links between bacterial vaginosis and cervical cancer. 
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Preoperative sonographic evaluation of endometrial cancer 133 
Bruno Cacciatore, MD, Pentti Lehtovirta, MD, Torsten Wahlström, MD, and 

Pekka Ylöstalo, MD 

Helsinki, Finland 


Preoperative sonography was accurate in detecting myometrial invasion (80% of agreement) and 
in staging tumor spread (91%) in 93 patients with proved endometrial cancer. 


Fetal and maternal hemodynamic responses to exercise in pregnancy 138 
assessed by Doppler ultrasonography 
Robert J. Morrow, MB, J. W. Knox Ritchie, MD, and Shelley B. Bull, PhD 


Toronto, Ontario, Canada 


After maternal exercise in the late phase of pregnancy, the uterine systolic/diastolic ratio was 
increased, whereas the umbilical artery velocity waveform remained unaltered. 


Abnormal fetal heart rate patterns and placental inflammation 140 
Carolyn M. Salafia, MD, Heather E. Mangam, Cristine A. Weigl, BS, Gerald J. Foye, MD, 

and Lester Silberman, MD 

Danbury, Connecticut 


Abnormal fetal heart rate patterns at term were associated with histologic evidence of 
intraamniotic infection in patients without a clinical diagnosis of chorioamnionitis. 


Case-fatality rates for tubal sterilization in U.S. hospitals, 1979 to 1980 147 
Luis G. Escobedo, MD, Herbert B. Peterson, MD, Gary S. Grubb, MD, and 

Adele L. Franks, MD 

Atlanta, Georgia 


We determined that the case-fatality rate attributable to the tubal sterilization procedure is 1.5 
per 100,000 procedures, which indicates that death attributable to this procedure is rare. 


Newborn lymphocyte subpopulations: The influence of labor 151 
William B. Pittard III, MD, Donna M. Schleich, MS, Kitty M. Geddes, BSN, RN, and 

Ricardo U. Sorensen, MD 

Charleston, South Carolina, and Cleveland, Ohio 


Cord blood mononuclear cell subsets enumerated in 31 neonates indicate that labor-related stress 
significantly decreases the total number of neonatal T lymphocytes and the CD 4 (helper) T-cell 
subpopulation. 
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Physiologic role of endogenous human atrial natriuretic peptide in 
preeclamptic pregnancies 

Shingo Miyamoto, MD, Hiroshi Shimokawa, MD, Hisao Sumioki, MD, and 

Hitoo Nakano, MD 

Fukuoka and Beppu, Japan 


In preeclamptic women circadian variations of plasma atrial natriuretic peptide, cyclic guanosine 
3°5’-monophosphate confirmed the same rhythm with acrophase during the middle of the 
night. 


Vibratory acoustic stimulation in 26- to 32-week, 
small-for-gestational-age fetus 
Robert Gagnon, MD, Cora Hunse, RN, Lesley Carmichael, BSc, and John Patrick, MD 


London, Ontario, Canada 


In a group of pregnant women with early-onset intrauterine growth restriction (<32 weeks’ 
gestation), fetal heart rate and activity patterns were usually not altered after external vibratory 
acoustic stimulation. 


Value of observation of fetal breathing activity in antenatal assessment 
of high-risk pregnancy 

Lawrence D. Devoe, MD, David A. Ruedrich, MD, and Nancy S. Searle, BA 

Augusta, Georgia 


Quantification of fetal breathing movement incidence appears to be the most valuable fetal 
respiratory parameter for predicting outcome of high-risk pregnancies. 


The preterm nonstress test: Effects of gestational age and length of 
study 

Ramon A. Castillo, MD, Lawrence D. Devoe, MD, Martha Arthur, RN, Nancy Searle, BA, 
William P. Metheny, PhD, and David A. Ruedrich, MD 


Augusta, Georgia 


Clinical application of nonstress testing between 26 and 32 weeks’ gestation requires either 
extension of baseline observation periods or inclusion of low-amplitude accelerations. 


Effects of estrogen on urethral function in women with urinary 
incontinence 
Narender N. Bhatia, MD, Arieh Bergman, MD, and Mickey M. Karram, MD 


Los Angeles, California 


Majority of postmenopausal women with stress urinary incontinence improved both clinically and 
urodynamically after daily applications of vaginal estrogen cream. 


Comparison of ultrasound and lateral chain urethrocystography in the 
determination of bladder neck descent 

David Gordon, MD, Malcom Pearce, FRCS, MRCOG, Peggy Norton, MD, and 

Stuart L. Stanton, FRCS, FRCOG 

London, England 


Two methods to locate the bladder neck were compared, and perineal ultrasound was preferred 
rather than lateral chain cystography. 
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Unusual urethral diverticulum lined by colonic epithelium with Paneth cell 186 
metaplasia 


Ted R. Niemiec, MD, Lane J. Mercer, MD, Janet K. Stephens, MD, PhD, and 
Samir N. Hajj, MD 
Chicago, Illinois 


The cause, diagnosis, and treatment of urethral diverticula are discussed, and an unusual case is 
reported. 


Relationship of systolic/diastolic ratios from umbilical velocimetry to 188 
fetal heart rate 


Harbinder S. Brar, MD, Arnold L. Medearis, MD, and Lawrence D. Platt, MD 
Los Angeles, California 


An inverse linear relationship between systolic/diastolic ratios of umbilical velocimetry and fetal 
heart rate was found within the range studied. 


Pregnancy surveillance with Doppler velocimetry of uterine and umbilical 192 
arteries 

Harold Schulman, MD, Denise Winter, RN, BSN, George Farmakides, MD, James Ducey, MD, 

Edwin Guzman, MD, Anne Coury, MD, and Barbara Penny, MD 

Mineola, New York 


When a middle-class obstetric population had Doppler velocimetry screening in the second 
trimester, a 7% true-positive rate was found. 


Absence of end-diastolic umbilical artery blood flow predicts poor fetal 197 
outcome despite normal blood gases 

Wendy Warren, MD, Sheila Ronkin, MD, Benjamin Chayen, MD, Laurence Needleman, MD, 

and Ronald J. Wapner, MD 

Philadelphia, Pennsylvania 


Doppler ultrasonography studies correctly predict fetal compromise days before other antenatal 
surveillance techniques including cordocentesis for direct fetal blood gas evaluation. 


Appraising a clinical journal article in obstetrics and gynecology 198 
David B. Seifer, MD, Mark D. Adelson, MD, Raja W. Abdul-Karim, MD, and 

Michael S. Baggish, MD 

Syracuse, New York 


Systematic guidelines for appraising a clinical journal article are presented and illustrated with 
examples. 


Umbilical artery creatine kinase brain-band isozyme as a predictor of 202 
neonatal periventricular-intraventricular hemorrhage 


Arlene Bardeguez, MD, Nergesh Tejani, MD, Uma L. Verma, MD, and Soo Jae Kim, MD 
East Meadow, New York 


Umbilical artery creatine kinase brain-band isozyme percentage was associated with the 
development of periventricular-intraventricular hemorrhage in the low-birth-weight neonate. 
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Effect of umbilical vein oxytocin on puerperal blood loss and length of 206 
the third stage of labor 

Virginia V. Reddy, MD, and J. Chris Carey, MD 

Oklahoma City, Oklahoma 


Umbilical vein injection of oxytocin resulted in a shorter third stage of labor, lowered decrease in 
hematocrit, and less measured blood loss. 


An obstetric analysis of fifty consecutive pregnancies after transfer of 209 
cryopreserved human embryos 

René Frydman, MD, Robert G. Forman, MD. J. Belaisch-Allart, MD, André Hazout, MD, 

Hervé Fernandez, MD, and Jacques Testart, PhD 

Clamart, France 


Duration of cryopreservation did not affect the obstetric outcome in 50 pregnancies that resulted 
from the transfer of human embryos that had been cryopreserved =2 years. 


Diagnosis of trisomy 18 in monozygotic twins by cordocentesis 214 
Dinesh M. Shah, MD, Phillipe Jeanty, MD, V. G. Dev, PhD, Janet E. Ulm, MSSW, and 

John Phillips, MD 

Nashville, Tennessee 


We report a case of monozygotic twins with trisomy 18 diagnosed prenatally with the use of 
lymphocyte culture from fetal blood samples obtained by cordocentesis. 


Transvaginal ultrasonography-guided aspiration of gestational sacs for 215 
selective abortion in multiple pregnancy 

Joseph Itskovitz, MD, DSc, Rafi Boldes, MD, Israel Thaler, MD, Moshe Bronstein, MD, 

Yohanan Erlik, MD, and Joseph M. Brandes, MD 

Haifa, Israel 


A method for selective abortion by means of transvaginal ultrasonography-guided aspiration of 
gestational sac was applied in two women at 7 weeks’ gestation. 
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A functional and structural study of the innervation of the human uterus 218 
N. Morizaki, MD, J. Morizaki, MD, R. H. Hayashi, MD, and R. E. Garfield, PhD 
Yamagata, Japan, Ann Arbor, Michigan, and Hamilton, Ontario, Canada 


Functional and ultrastructural examination of the human myometrium revealed that the 
excitatory innervation consists of a-adrenergic and cholinergic components with denervation 
during pregnancy. 


Pharmacodynamic study of maturation and closure of human umbilical 229 
arteries 
Richard P. White, PhD 


Memphis, Tennessee 


An analysis of the contractile properties of 19 substances, as well as hyperoxia and cooling, 
indicates that serotonin is the best candidate for closure of the umbilical artery. 
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The effect of estrogen on placental delivery after fetectomy in baboons 237 
Eugene D. Albrecht, PhD, M. Carlyle Crenshaw, Jr., MD, and Gerald J. Pepe, PhD 
Baltimore, Maryland, and Norfolk, Virginia 


Placental delivery occurred close to the normal interval of gestation in baboons after fetectomy, 
but estrogen administration prevented placental delivery after fetectomy. 


The effect of continuous or pulsatile administration of oxytocin to ewes 242 
at 126 to 136 days’ gestation on myometrial activity and fetal 

oxygenation 

G. Pimentel, DVM, E. R. Poore, DPhil, and P. W. Nathanielsz, MD, PhD 


Ithaca, New York 


The pregnant ovine myometrium loses its response to continuous oxytocin infusion over 3 days 
but not its response to pulsatile administration. 


Neurotransmitters and peptides modulate the release of immunoreactive 247 
corticotropin-releasing factor from cultured human placental cells 

Felice Petraglia, MD, Steve Sutton, and Wylie Vale, PhD 

La Jolla, California 


Neurotransmitters (norepinephrine or acetylcholine) and peptides (angiotensin II, interleukin-1, 
oxytocin, arginine-vasopressin) increase the release of immunoreactive corticotropin-releasing 
factor from cultured human placental cells. 


Calcium ion—dependent regulation of uterine smooth muscle thin 252 
filaments by caldesmon 

S. Marston, DPhil 

London, England 


Native thin filaments isolated from pregnant uterine smooth muscles are calcium ion—regulated 
and consist of actin, tropomyosin, and the regulatory protein, caldesmon. 


Blunted vasoreactivity in pregnant guinea pigs is not restored by 258 
meclofenamate 


Ginette L. Harrison, MD, and Lorna Grindlay Moore, PhD 
Denver, Colorado 


Pregnancy reduces systemic vascular resistance and vasoreactivity due to mechanisms other than 
increased vasodilator prostaglandin production. 


Comparison of filter in situ deoxyribonucleic acid hybridization with 265 
cytologic, colposcopic, and histopathologic examination for detection of 

human papillomavirus infection in women with cervical intraepithelial 

neoplasia 


Patricia J. McNichol, PhD, Fernando B. Guijon, MD, Maria Paraskevas, MD, and 
Robert C. Brunham, MD 
Winnipeg, Manitoba, Canada 


Filter in situ hybridization of exfoliated cervical cells is as sensitive as histopathology and more 
sensitive than cytology or colposcopy for detection of human papillomavirus infection. 
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*Serious as well as minor side effects have been reported with the use ‘These data represent only the results of selected studies. Therefore, 
of all oral contraceptives. The physician should remain alert to the before prescribing, the physician should remain alert to all data 
earliest symptoms of serious disease and discontinue oral found in the complete prescribing information for the product. 
contraceptive therapy when appropriate. Please see full prescribing 
information, a brief summary of which follows. 





TRI-LEVLEN 


Levonorgestrel and ethinyl estradiol tablets—Triphasic regimen 


DESIGNED WITH HER NEEDS IN MIND 


vy Breakthrough bleeding minimized by phasing both hormones* 
y No significant impact on LDL, HDL, or total cholesterol” 
y Lowest total estrogen dose in a phased OC formulation’ 


PHASED PROGESTOGEN LEVELS 10 days/125 mcg 
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TRI-LEVLEN* 28 Levonorgestrel and ethinyl estradioi 
TRI-LEVLEN® 21 — tablets—Triphasic regimen 


BRIEF SUMMARY 
Tr-Levien*——6 brown tablets, each containing 0. 050 mg of levonorgestrel (di-}-13 beta-ethy!-1?-alpha-ethiny!-17-beta-hydrony- 
gon-4-en-3-cne), a totally synthetic progestogen, and 0.030 mg of ethinyl estradiol (19-nor-17e.-pragna-1,3,$(10}-trien-20-yne-3. 17- 
diolt: 4 white tablets. each containing 0.0/5 mg levonorgestrel and 0.049 mg ethinyl estradioli: 10 light-pellow tablets. each 
contamning 0.125 mg levonorgestrel and 0.030 mg ethiny! estradiol (7 tight- green tablets containing inert ingredients are included in 
” the 28-day triphasic regimen) 
` indications and Usage— fri-Levien Tablets are indicated for the prevention of pregnancy in women whe elect to use oral contraceptives 
{OCs} as a method of contraception. 
Contraindicatians—OCs shouid not be used in women with any of the following conditions. |. Thrombophiebitis gr thromboembolic 
disorders. 2. A past history of deep-vern thrombophiebitis or thromboembolic disorders. 3. Cerebral-vasculat or coronary-artery 
disease. 4. Known or suspected carcinoma of the breast. 5. Known or suspected estrogen-dependent one & Undsagnosed 
_ abnormal genital bleeding. 7. Known or suspected pregnancy (see Warning Ne. 5). 8 Benign or malignant iver tumor which 
ae during the use of OCs of other estrogen-containing products. 
amning 


Cigarette smoking increases the risk of serious cardiovascular side eftects iram oral contraceptive use. This risk increases with age and 
with heavy smoking (15 or mare cigarettes per day) and is quite marked in women aver 35 years. of age. Women whe use oral 
contraceptives should be strongly advised net to smoke 

The use of oral contraceptives is associated with increased risk of several serious conditions, including thromboembclism. 
stroke, myocardial infarction, hepatic adenoma. gallbladder disease, hypertension. Practitioners prescribing otal con- 


traceptives should be familiar with the following information relating to these risks 


-1 Taromboembelic Disorders and Other Vascular Problems. An increased risk of thromboembolic and thrmbetic disease associated 
with the use of OCs is well established. Three principal studies in Great Britain and three in the United States have demonstrated an 
increased risk of fatal and nontatal venous thromboembolism and stroke. both hemorrhagic and thrombotic. These studies estimate 
that users of OCs are 4 to H times more likely than nonusers to develop these diseases without evident cause. 
CEREBROVASCULAR DISORDERS —in a collaborative American study of cerebrovascular disorders in women with and without 
Predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than nonusers and the rish of 
thrombotic stroke was 4 to 9.5 times greater in users than in nonusers. 
MYOCARDIAL INFARCTION. An increased risk of myocardial intarction associated with the use of OCs has been reported. confirming a 
previously suspected association. These studies. conducted in the United Kingdom, found. as expected, that the greater the number ot 
undetiying risk factors for coronary-artery disease (cigarette smoking. hypertension. hypercholesteralemia, obesity, diabetes, history 
preeclamptic toxemia) the higher the risk of develaping myocardial infarction, regardiess of whether the patient was an OC user of 
not. OCs, however, were found to be a clear additiona! risk factor. in terms of relative risk. st has been estimated that OC users who do 
fot smoke (smoking is considered a major predisposing condition to myocardial infarction) are about twice as likely to have a tatal 
myocardial infarction as nonusers who do not smoke. OC users who are aiso smokers have about a 5-fold increased tisk of fatal 
infarction compared to users whe do not smoke but about a 10- to 12-foid increased risk compared to nonusers whe do not smoke. 
Furthermore, the amount of smoking is aise an important factor. In determining the importance of these relative risks, however, the 
peine ratas for various age groups must be given sericus consideration. The importance af other predisposing conditions mentioned 
above in ence relative and absolute nsks has not as yet been quantified. if is qurte fikely that fhe same synergistic action 











































































concluded that the risk of thromboembol iSM. ae coronary thrombosis. is dwectly related to the dose af estrogen used in OCs. 
Preparations containing 100 meg or more of estrogen were associated with a higher risk of thromboembolism than those containing 
50-80 meg of estrogen. Their analysis did suggest, however that the quantity of estrogen may not be the sole factor involved. This 
finding has been confirmed in the United States. 

ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES-A large prospective study carried out in the UK. estimated the 
<. morality rate per 106,000 women per year from diseases of the circulatory system for users and nonusers of OCs according to age. 
smoking habits and duration of use. The overall excess death rate annually trom circulatory diseases for OC users was estimated to be 
20 per 100.090 tages 15-34-—§/100.000: ages 38-44 39.100.000: ages 45-49. 140/100.000), the risk being concentrated in 
gider women, in those with a long duration of use and in cigarette smokers. it was not 
possible, however, to examine the interrelationstios of age. smoking and duration of use, 
nor te compare the effects of continuous vs. intermittent use. Although the study showed 
` 910-told increase m death due to circulatory diseases in users for 5 or more years, ali of 
these deaths occurred in women 35 or older. Unti larget numbers of women under 35 with 
© continuous use for 5 or more years are available, it is not possible to assess the 
` magnitude of the relative risk for this younger age group. The avaiable data from a 
"variety of sources have been analyzed to estimate the risk of death associated with 
various methods of contraception. The estimates of risk of death for each method include 
the combined risk af the contraceptive method fe g.. thromboembolic and thrombotic 
diseese in the case of OCs) pius the risk attributable to pregnancy or abortion in the event 
of method failure. This latter nsh varies with the effectiveness of the contraceptive 
method. The study concluded that the mortality associated with all methods of birth control is lew and below that associated with 
childbirth, with the exception of OCs in women over 40 who smoke, The Jowest mortality 1s associated with the condom or diaphragm 
backed up by early abortion The risk of thromboembolic and thrombotic disease associated with OCs increases with age after 
approximately age 30 and, for myocardial infarction, 1s further increased by hypertension. hypercholesterolemia, obesity diabetes or 
history of preeclamptic toxemia and, especially, by cigarette smoking. The physician and the patient shouid be alert to the earhest 
manifestations of thrambophiebitis and thrombotic disorders (e g.. thrombophlebitis, pulmonary embolism. cerebrovascular insutfi- 
ciency, coronary occlusion, retinal thrombosis and mesenteric thrombosis} Should any of these occur of be suspected. the drug shouid 
be discontinued immediately. A four-to-sa-fold increased risk of postsucgery thromboembolic complications has been reported in OC 
users. If feasible, OCs shouid be discontinued at least 4 weeks before surgery of a type associated with an increased risk of 
omboembotisn or prolonged immobilization. 

Pon OF RISK OF VASCULAR DISORDERS ---Findings from one study in Great Britain involving cerebrovascular disease and 
other study in the United States concerning myocardial intarction suggest that an increased risk of these conditions n users of OCs 
ists alter discontinuation of the OC. in the British study. the risk of cerebrovascular disease remained elevated in former OC users 
for at least six years after discontinuation, In the US. study an increased risk af myocardial infarction persisted fer at least 9 years in 
men 40- to 49-years-cid who had used OCs for five or more years. The findings in both these studies require confirmation since they 
inconsistent with other published information. 

Ocular Lesions. There have been reports of neure-ocuiar lesions. such as optic neuritis or retinal thrombosis, associated with the 
rof OCs, Discontinue OC medication i there +s unexplained, sudden or gradual, partial or complete loss of vision: onset of praptosis 
diplopia; papitledema or retinai-vascular lesions. and institute appropriate diagnostic and therapeutic measures 

‘afcinama: Long-term continuous administration of either natural or synthetic estrogen in certain animal species increases the 
queticy of carcinoma of the breast, cervix. vagina and liver. Certain synthetic progestagens, none currently contained in OCs, have 
been noted to increase the incidence of mammary nodules. benign and malignant. m dogs. in humans. three case-control studies 
we reported an increased tisk of endometrial carcinoma associated with the prolonged use of exogenous estrogen in 
simenopausal women. One publication reported on the first 21 cases submitted by physicians to a registry of cases of 
adenacarcinoma of the endometrium in women under 40 on OCs. Of the cases found in women without predisposing risk factors for 
ehocarcinoma of the endometrium (e.g. irregular bleeding at the time OCs were first given, polycystic ovaries), nearly all occurred in 
nen who had used a sequential OC. These products are no longer marketed. No evidence has been reported suggesting an 
reased risk of endometrial cancer in users of conventional combination or progestogen-only OCs. Several studies have found no 
fease in breast cancer in women taking OCs or estrogens. One study, however, while also noting no overall increased risk of breast 
ancerin women treated with OCs, found an excess risk in the subgroups of OC users with documented benign breast disease. A 
reduced-occurrence of benign breast tumors in users of OCs has been well-documented. in summary, there is at present no confirmed 
ace from human studies of an increased risk of cancer associated with OCs. Close clinical surveiliance of ali women taking OCs 
nevertheless, essential, in all cases of undiagnosed persistent of recurrent abnormal vaginal bleeding, agpropnate diagnostic 
ineasures should be taken to rule out malignancy Women with a strong family history of breast cancer or who have breast nodules. 
fibrocystic disease or abnormal mammograms should be monitored with particular care if they elect to use OCs. 

Hepatic Tumors, Benign hepatic adenomas have been found te be associated with the use of OCs. One study showed that OC 
formulations. with high hormonal potency were associated with a higher risk than tower potency formulations. Although benign, 
hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. This has been reported in short-term as 
well as long-term users of OCs. Two studies relate risk with duration of use of OCs, the risk being much greater after 4 ar more years of 
OC use. While hepatic adenoma is a tare lesion, it should be considered in women presenting abdominal pain and tenderness, 
bdorinal mass or shock. A few cases of hepatocellular carcinoma have been reported in women taking OCs. The relationship of these 
drugs to this type of malignancy is not known at this time. 

5. Use in or immediately Preceding Pregnancy, Birth Detects in Offspring and Malignancy in Female Offspring. The use of female sex 
hormones both estrogenic and progestatianal agents—--during early pregnancy may senousty damage the offspring. it has been 
shown that femaies exposed in utero to diethyistilbestro!, a nonsteroidal estrogen, have an increased risk of developing in later life a 
form of vaginal or cervical cancer that is ordinarily extremely rare. This risk has been estimated to be of the order of | in 1.000 
exposures or less. Although there is no evidence at the present time that OCs further enhance the risk of developing this type of 
malignancy, such patients should be monitored with particular care if they elect to use OCs. Furthermore, a high percentage of such 
exposed women {from 30 to 90%) have been found to have epithelial changes of the vagina and cervix. Although these changes are 
histologically benign, it is not known whether this condition js a precursor of vaginal malignancy. Male children so exposed may 
develop abnormalities of the urogenital tract. Although similar data are not available with the use of other estrogens, it cannot be 
presumned that they would not induce similar changes. An increased tisk of congenital anomalies, including heart defects and limb 
defects, has been reported with the use of sex hormones. including OCs. in pregnancy One case-control study has estimated a 4 7-fold 
increase in risk of limb-reduction defects in infants exposed in utero to sex hormones (OCs, hormonal withdrawal tests for pregnancy 
or attempted treatment for threatened abortion). Some of these exposures were very short and involved oniy a few days of treatment. 
The date suggest that the risk of limb-reduction detects in exposed fetuses is somewhat fess than one in 1,009 five births, in the past. 
emale sex hormones have been used during pregnancy in an attempt to treat threatened of habitual abortion. There is considerable 
evidence that estrogens are ineffective for these indications, and there is no evidence from well-controlled studies that progestogens 
- : are effective for these uses. There is some evidence that triploidy and possibly other types of polyploidy are increased among adartuses 
from women who become pregnant soon after ceasing OCs. Embryos with these anomalies are vittually always aborted spontaneously. 
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Levonorgestrel and ethinyl estradiol tablets — 
Triphasic regimen 





Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon: sit T OCs 1s unknown, it is 
recommended that, for any patient who has missed two consecutive periods, pregnancy should be ruled aut before continuing. If the 
patient has not adhered to the prescribed schedule, the possibility of pregnancy should be considered at the time of the first missed 
period and further use of OCs should be withheld until pregnancy has been ruled out. Hf pregnancy is confirmed, the patient should be 
apprised af the potential risks te the fetus, and the advisability of continuation of the pregnancy should be discussed in the light of 
these nshs. itis also recommended that women who descontitue OCs with the intent of becoming pregnant use an alternate form of 
contraception for a penod of time before attempting to conceive. Many clinicians recommend 3 months, although no precise 
formahon is avaiable on which ta base this recommendation. The administration of progestogen-onty or progestogen-estrogen 
combinahons to induce withdrawal bleeding should not be used as a test of pregnancy. 
§ Gallbladder Disease: Studies report an increased risk of surgically confirmed galibladder disease in users of OCs and estragens. in 
one study, an increased risk appeared after 2 years of use and doubled after 4 or 5 years of use in one of the other studies, an 
increased tisk was apparent between 6 and 12 months of use. 

7. Carbohydrate and Liptd Metabolic Effects. A decrease in glucose tolerance has been observed in a significant percentage of 
patients on OCs. For this reason, prediabetic and diabetic patients should be carefully observed while recenving OCs. An increase in 
triglycerides and total phospholipids has been observed in patients receiving OCs. Three studies have been performed with the Fi- 
Levien Tablets (Levonorgestrel and Ethinyt Estradiol Tablets Triphasic Regimen} formulation and ne significant alterations m lipid 
metabolism were noted, with the exception of a slight increase in trigtyceride levels in one study The climcai significance of these 
findings remains to be defined 
8. Elevated Biood Pressure. An increase in blood pressure has bees reported in patients receiving OCs. in some women. hypertension 
may occur within a few months of beginning OC use. in the first year of use, the prevalence of women with hypertension is low in users 
and may be no higher than that of a comparable group of nonusers. The prevalence in users increases. however, with longer exposure. 
and in the fifth year of use ts two-and-a-half to three times the reported prevalence in the first year. Age is also strongly correlated with 
the development of hypertension in OC users. Women who previously have had hypertension during pregnancy may be more likely te 
develop elevation of blood pressure when given OCs. Hypertension that develops as a result of taking OCs usually returns to normal 
after dscontinuing the drug. 
3 Headache The onset or exacerbation of migraine or development at headache of a new pattern which is recurrent, persistent or 
severe, requires discontinuation of OCs and evaluatior of the cause. 
10. Bleeding isteguiarities. Breakthrough bleeding. spotting and amenorrhea are frequent reasons tor patients discontinuing OCs. in 
breakthrough bleeding. as in all cases of sregular bleeding trom the vagina. nonfunctional causes should be borne in mind. in 
undiagnosed persistent or recurent abnormal bleeding from the vagina, adequate diagnostic measures are indicated to rule out 
pregnancy of malignancy. Hf pathology has been excluded, time or a change to another formulation may solve the problem, Changing to 
an OC with a higher estrogen content. while potentially useful in minumizing menstrual ireguiardty. Should be done only if necessary, 
since this may increase the risk of thromboembolic disease. Women with a past history of ongomenorrhea or secondary amenorrhea or 
young women without regular cycies may have a tendency to remain anovulatory or to became amenorrheic after discontinuation of 
OCs. Women with these preexisting problems should be advised af this possibility and encouraged to use other contraceptive methods. 
Post-use anovulation, possibly prolonged. may also occur in women without previous uregularities 

H Ectopic Pregnancy. Ectopic as well as intrautenne pregnancy may occur in contraceptive fatures. 

i2. Breastfeeding. OCs given in the postpartum period may interfere with lactation. There may be a decrease in the quantity and 
quality of the breast milk. Furthermore, a smalt fraction of the hormanai agents in OCs has been identified in the milk of mothers 
recening these drugs. The effects. if any, on the breast-fed child have not been determined. if feasible, the use of OCs shouid be 
deferred unt the infant has been weaned. 
Procautions——GENERAL-— t. A complete medical and family hestory should be taken prior to initiation of OCs. The pretreatment 
and periodic physical examinations shouid include soectal reference to blood pressure, breasts. abdomen and pelvic organs. 
inciuding Papanicolaou smear and relevant laboratory tests. As a general rule, OCs should nof be prescribed for longer than | year 
without another physical examination and PAP smear being performed. 2. Under the influence of estrogen-progestagen preparations, 
preexisting ulenne leomyomata may increase in size. 3. Patients with a history of psychic depression shouid be carefully observed and 
the drug discontinued if depression recurs to a senous degree. Patients becoming significantly depressed while taking OCs should 
step the medication and use an alternate method of contraception in an attempt to determine whether the symptom is drug-retated. 4. 
OCs may cause some degree af fluid retention. They should be prescribed with caution, and only with careful monitoring, in patents 
with conditions which might be aggravated dy fluid retertion, such as convulsive disorders, migraine syndrome, asthma, or cardiac or 
renal insufficiency. 5. Patients with a past history of jaundice during pregnancy have an increased risk of recurrence of jaundice white 
recenng OC therapy ff jaundice develops in any patient receiving such drugs. the medication should be discontinued. 6. Steroid 
hormones may be poorly metabolized in patients with impaced fiver function and should be administered with caution in such 
patients. 7. OC users may have disturbances in normal tryptophan metabolism whack 
may result im a relative pyridoxine deficiency The clinical significance of this is yet te be 
determined 8 Serum folate levels may be depressed by OC iby Since the pregnant 
woman ts predisposed to the development of folate deficiency and the incidence of folate 
deficiency increases with increasing gestation, it 1s possible that if a woman becomes 
pregnant shortly after stopping OCs. she may have a greater chance of developing folate 
deficiency and complications attributed to this deficiency 9. The pathologist shouid be 
advised of OC therapy when relevant specimens are submitted. 10. Certain endocrine- 
and liver-function tests and blood components may be affected by estrogen-contaming 
OCs: a. Increased sulfebremophthaiein retention b. increased prothrombin and factors 
Vil. VHE IX and X, decreased antithrombin 3: increased norepinephrine-induced platelet 
aggregabitity c. increased thyroid-binding globulin {TBG} leading to increased circulat- 
ing tetal-thyroid hormone. as measured by protein-bound iodine (PBI), 14 by cofumn or 14 by radioimmunoassay. Free 13 resin uptake 
35 decreased. reflecting the elevated TBG: free 14 concentration is unaltered. d. Decreased pregnanediol excretion. e. Reduced response 
to metyrapone test. 
information for the Patiant—— See Patient Package Labeling 
Drug Interactions Reduced efficacy and increased incidence of breakthrough bleeding have been associated with concomitant use of 
rfamosn. A similar association has been suggested with barbiturates. phenylbutazone, phenytoin sodium. ampicillin and tetracycline. 
Carcinggenesis—-See “Warnings” section for information on the carcinogenic potential af OCs. 
Pregnancy-—Pregnancy Category K. See “Contraindicatrons’ and “Warnings.” 
Hurting Mothers——See “Warnings 
Adverse Reactions—An increased risk of the following serious adverse reactions has heen associated with the use of OCs (see 
“Warnings }. thrombophlebitis, pulmonary embolism, coronary thrombosis, cerebral thrombosis, cerebral hemorrhage, hypertension, 
gallbladder disease, benign hepatomas. congenital anomalies, 
There is evidence of an association between the following conditions and the use of OCs, although additional confirmatory studies are 
needed mesenteric thrombosis, neuro-ocular lesions. eg., retinal thrombosis and opte neuritis. 
The following adverse reactions have been repurted in patients recermeg OCs and are believed to be drug-related Nausea and/or 
vomiting, usually the most common adverse reactions. occur in approximately 10 percent of less of patients during fhe first cycie. 
Other reactions. as a general rule, are seen much less frequently or only occasionally. gastrointestinal symptoms (such as abdominal 
cramps and bloating): breakthrough bleeding. spotting: change in menstrual flow. dysmenorrhea: amenorrhea during and after 
treatment, temporary infertility after discontinuance of treatment, edema: chinasma or melasma which may persist, breast changes: 
tenderness, enlargement and secretion: change in cervical erosion and cervical secretion, possible diminution in lactation when given 
immediately postpartum: cholestatic jaundice: migraine. increase in size of uterine iesomyomata, rash (allergic). mental depression; 
reduced tolerance to carbohydrates: vaginal candidiasis. change in corneal curvature (steepening): intolerance fo contact lenses. 
The following adverse reactions have been reported in users of OCs. and the association has been neither confirmed nor refuted. 
premenstrual-like syndrome, cataracts, changes in libido. chorea. changes m appetite. cystitis-lke syndrome. headache. ner- 
wousness, dizziness, hiesutism, boss of scaip hair, erythema multiforme. erythema nodosum. hemorrhagic eruption, vaginitis. 
porphyna, hemolytic uree syndrome 
Acute Gverdese— Serious if effects have not been reported following acute ingestion of large doses of OCs by young children. 
Overdasage may cause nausea. and withdrawal bleeding may occur in females. 
Basage and Administration-—Jo achieve maximum contraceptive ettectiveness, Tri-Levien Tablets (Levonorgestrel and Ethinyl Estradiol 
Tablets-— Triphasic Regimen} must be taken exactly as directed and at intervals not exceeding 24 hours. iif Tri-Levien is first taken 
later than the first day of the first menstrual cycle of medication or postpartum. contraceptive rehance shouid not be placed on :t until 
after the first 7 consecutive days of administration. The pessibility of ovulation and conception prior to initiation of medication should 
be considered.) Any time the patient misses 1 or 2 brown, white or ight-yellow tablets. she should also use another method of 
contraception unt she has taken a tablet daily for ? consecutive days. 
for full details on dosage and administration see prescribing information in package insert. 6061!-1 5/86 
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Michael Wilson 

BA: lowa 

MD: lowa 

Residency: Mayo Clinic 
Specialty: Orthopedic Surgery 
AFB: Lackland 


For career and country: Why Dr Mike Wilson 
became an Air Force physician 





“When I finished my residency at the Mayo Clinic, | 
headed home to Iowa to fulfill my dream of being a commu- 
nity-based orthopedic surgeon. But after several years in 
which it seemed I spent more time shuffling papers than 
seeing patients, | realized | was missing the things I wanted 
from my career in medicine. Helping. Teaching. Learning. 

“That’s when I investigated the Air Force. I was 
impressed by what it could offer: The opportunity to see, 
treat, and follow up on a diverse, interesting population; the 
academic stimulation of preparing and participating in teach- 
ing conferences; the chance to be part of a team that has a 
clearly defined, vital mission in the world. 

“Sure, I don’t gross as much as my peers in private prac- 
tice, but I don’t pay out as much, either. Health insurance is 
not necessary and I earn 30 days of vacation with pay each 
year; I don’t pay a penny for malpractice insurance, staff 
salaries, or rent. I even receive an untaxed housing allow- 
ance, and an excellent, non-contributory pension plan. 

“Plus, there’s the intangible satisfaction of doing some- 
thing meaningful for a country that, frankly, has been very 
good to me. 

“For the nght person, being an Air Force physician is the 
best practice in the world. It is for me.” 


VELA hy 


For career and country, find out more about becoming an 
Air Force physician. Call toll-free 1-800-423-USAF. Or send your 
curriculum vitae to Col Thomas W. Bingham, HQ USAFRS/RSH, 
Randolph AFB, TX 78150. 


Expand your horizons. 
Become an Air Force physician. 
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The next generation of 
estrogen replacement therapy... 
transdermal delivery 






estradiol trenadermal vy vier 


ESTRADERM 2 


estradiol transdermal system tisa 


A precision low-dosage estradiol C Patients prefer natural estrogen replacement in 
delivery system low dosages 

O Delivers the natural ovarian estrogen, 17-beta O Cosmetically appealing and comfortable to wear 
estradiol, directly to the bloodstream and target The Special Dose-Reminder Calendar Packs of Eight 
organs Transdermal Systems—0.05 mg and 0.1 mg—aid 
O Relieves hot flashes, menopausal symptoms compliance. The usual starting dose is 0.05 mg 
associated with hot flashes, and vaginal discomfort twice weekly. 

—at extremely low dosages Because patients will have questions... 


a A patient information brochure on ESTRADERM 
Providing important advantages and the menopause is available on request from 
that patients appreciate CIBA. 


O Transdermal delivery preferred by patients 3:1 
over tablets' 

O Low incidence of systemic side effects CTT BA 
O Easy to use...applied just twice weekly for high i 


compliance Helping today’s women live healthier lives 


Reference 1. Data on file, CIBA Pharmaceutical Company Please see next page for Brief Summary of Prescribing Information. 
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ESTRADERM’ 
estradiol transdermal system 


Continuous yO for twice-weekly 
BRIEF SUMMARY OF PRESCRIBING INFORMATION. 
PLEASE SEE FULL PRESCRIBING INFORMATION. 





ESTROGENS HAVE BEEN REPORTED TO INCREASE 
THE RISK OF ENDOMETRIAL CARCINOMA. 

Three indepe: Case control studies have reported 
an increased risk of endometrial! cancer in posimeno- 


cancer-reporting syst may be re- 
lated to the rapidly expanding use of estrogens during the 
last decade. ia he 
The three case control studies reported that the risk of 
endometrial cancer in estrogen users was about 4.5-13.9 
times greater than in nonusers. The risk appears to depend 
both on duration of treatment and on estrogen dose. In view 
of these findings, when estrogens are used for the treat- 
ment of menopausal symptoms, the lowest dose that will 
contro! symptoms should be utilized and medication 
should be discontinued as soon as possible. When pro- 
longed treatment is medically indicated, the patient should 
be reassessed on at least a semiannual basis to determine 
the need for continued therapy. Although the evidence 
must be considered preliminary, one study suggests that 
Cyclic administration of low doses of estrogen may carry 
less risk than continuous administration; it therefore ap- 
pears prudent to utilize such a regimen. 
_ Close clinical surveillance of all women taking estrogens 
curing abnormal vagnal bleedn®, adecuate dagrostc 
curing vag l uate diagnostic 
measures should be undertaken to rule out malignancy. 
There is no evidence at present that “natural” estrogens 
are more or less hazardous than “synthetic” estrogens at 
equiestrogenic doses. 
ESTROGENS SHOULD NOT BE USED DURING 
PREGNANCY. 


fron of pr tere ooet: both estrogens CA 
, during early pregnancy may ser - 
age the ring. It has been Re sh A 
been exposed in utero to di tilbestrol, a nonsteroidal 
_ have an increased risk of in later life a 
form of vaginal or cervical cancer that is ordinarily ex- 
tremely rare. This risk has been estimated as not greater 
than 4 per 1000 exposures. Furthermore, a high percent- 
age of such exposed women (30-90%) have been found to 
have vaginal adenosis, epithelial changes of the vagina 
and cervix. Although these changes are histologically be- 
nign, itis NOt known whether they are precursors of malig- 
nancy. ugh similar data on the use of other estr 
are not available, it cannot be presumed they would not 
induce similar changes. 

Several reports suggest an association between intra- 
uterine exposure to female sex hormones and ital 
anomalies, including congenital heart defects limb- 
reduction defects. One case control study estimated a 4 7- 
fold increased risk of limb-reduction defects in infants who 
had been exposed in utero to sex hormones (oral contra- 
ceptives, hormone withdrawal tests for pregnancy, or at- 
tempted treatment for threatened abortion). of these 
exposures were very short and involved only a few days of 
treatment. The data suggest that the risk of limb-reduction 
POSS Bt GRBAC TeRUSER Ie SOmENOR logs fan 1 per 


In the past, female sex hormones have been used during 
preg in an attempt to treat threatened or habitual 
abortion re is considerable evidence thal estrogens 
are pe ya i bar ot ipa ty a there is no evi- 
dence from controlied ies that progestogens are 
effective for these 

, of if the patient 


Wh A this drug, she should be 
of the potential risks to the fetus and of the advis- 
ability of continuation of the pregnancy. 





INDICATIONS AND USAGE ! 
Estraderm is indicated for the treatment dih ph 3 moder- 
ate-to-severe vasomotor symptoms associated with meno- 
pause; female hypogonadism; female castration; primary 
ovarian failure; and alrophic conditions caused by deficient 

estrogen production, such as alrophic vaginitis 
and kraurosis vulvae. 


CONTRAINDICATIONS ; 

Est should not be used in women or men with any of the 

following conditions: 

1. known or suspected cancer of the breast, 

2. known or suspected estrogen-dependent lasia; 

3. known or suspected pregnancy (see Boxed Warning), 

4. undiagnosed abnormal genital bleeding; 

5. active thrombophiebitis or thromboembolic disorders; 

6. hi of thrombophlebitis, thrombosis, or thromboembolic 
disor associated with previous estrogen use 

WARNINGS 


+ 


. Induction of Malignant Neoplasms. Long-term continuous 
administration of natural and synthetic estrogens in certain ani- 
mal species increases the frequency of carcinomas of the 
breast, cervix, vagina, and liver There are now reports that 
estrogens increase the risk of carcinoma of the endometrium in 
humans. (See Boxed Warning.) | 

At the present time, there is no satisfactory evidence that 
estrogens given to postmenopausal women increase the risk of 
breast cancer, although a recent long-term follow-up of a =o 
physician's practice has raised this possibility Because of 
animal data, there is a need for caution in prescribing estrogens 
for women with a family history of breast cancer or who 
have breast nodules, fibrocystic disease, or abnormal 
mammograms. 
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2. Gallbladder Disease. A recent study has reported a two- to 
ere aa a inthe pal of surgicaly confirmed pe a acca 
sease in postmenopa women receiving Lal abe’ 
similar to the twofold increase previously noted in users of oral 
contraceptives 
3, Effects Similar to Those Caused by Estrogen-Progestogen 
Oral Contraceptives. There are several serious adverse effects 
of oral Contraceptives and other high-dose oral estrogen treat- 
ments, most of which have not, up to now, been documented as 
consequences of sal estrogen replacement ther- 
apy. This may reflect the comparatively low doses of estrogen 
used in postmenopausal women, 
a. Thromboembolic Disease. It is now well established that 
users of oral contraceptives have an increased risk of various 
thromboembolic and thrombotic vascular diseases, such as 
thrombophlebitis, pulmonary embolism, stroke, and myocardial 
infarction. Cases of retinal thrombosis, mesenteric thrombosis, 
and optic neuritis have been reported in oral contraceptive 
users. There is evidence that the risk of several of these adverse 
reactions is related to the dose of the drug. An increased risk of 
postsurgery thromboembolic complications has also been 
reported in users of oral contraceptives. If feasible, estrogen 
should be discontinued at least 4 weeks before surgery of the 
type associated with an increased risk of thromboembolism, or 
uring periods of prolonged immobilization. 

While an increased rate of thromboembolic and thrombotic 
disease in postmenopausal users of estrogens has not been 
found, this does not rule out the possibility that such an increase 
may be present or that subgroups of women who have underly- 
ing nsk factors or who are receiving relatively large doses of 
estrogens may have increased risk. Therefore, estrogens 
should not be used in persons with active thrombophlebitis or 
thromboembolic disorders, and they should not be used in 
persons with a history of such disorders in association with 
estrogen use. They should be used with caution in patients with 
cerebral vascular or cor artery disease and only for those 
in whom estrogens are clearly needed 

Large doses of estrogen (5 mg conjugated estrogens per 
day), Comparable to those used to treat cancer of the prostate 
and breast, have been shown in a large parece. Clinical trial 
in men to increase the risk of nonfatal myocardial infarction, 
pulmonary embolism, and thrombophlebitis. When estrogen 
doses of this size are used, any of the thromboembolic and 
thrombotic adverse effects associated with oral contraceptive 
use should be considered a Clear risk. 

b. Hepatic Adenoma. Benign hepatic adenomas have been 
associated with the use of oral contraceptives. Alt benign 
and rare, these tumors mene and cause death from intra- 
abdominal hemorrhage. lesions have not yet been re- 
ported in association with other estrogen or progestogen 
preparations, but they should be considered if abdominal pain 
and tenderness, abdominal mass, or hypovolemic shock 
occurs in patients receiving estrogen. Hepatocellular car- 
cinoma has also been reported in women taking estrogen- 
containing oral contraceptives. The causal relationship of 
this malignancy to these S 1S NOt Known, 

c. Elevated Blood Pressure. using oral contraceptives 
sometimes experience increased bl pressure which, in 
most cases, returns to normal upon discontinuing the drug 
There is now a report that this may occur with use of oral estro- 
gens in the menopause and blood pressure should be moni- 
tored with estrogen use, especially if high doses are used, 
Ethiny! estradiol and gy mee estrogens have been shown to 
increase renin substrate, In contrast to these oral estrogens, 
transdermally administered estradiol does not affect renin 
substrate 

d. Glucose Tolerance. A worsening of glucose tolerance has 
been observed in a significant percentage of patients on estro- 
gen-containing oral contraceptives. For this reason, diabetic 
Patients should be carefully observed while rpcaning estrogen 
4 hy ay eget Administration of high doses of estrogens 
may lead to severe hypercalcemia in patients with breast 
cancer and bone metastases. If hypercalcemia occurs, use of 
the drug should be stopped and appropriate measures should 
be taken to reduce the serum calcium level 


PRECAUTIONS 
General 


1. A complete medical and family history should be taken before 
initiation of any estrogen therapy. The pretreatment and periodic 
et examinations should include special reference to 
pressure, breasts, abdomen, and pelvic organs, as well 
as a cervical Papanicolaou test. As a general rule, estrogen 
should not be prescribed for longer than 1 year without anot 
physical examination being performed 
2. Because estr may Cause some degree of fluid reten- 
tion, careful observation is required when conditions that might 
be influenced by this factor are present (e.g,, asthma, epilepsy, 
rainė, and cardiac or renal dysfunction 
3 ain patients may develop undesirable manifestations of 
excessive estrogenic stimulation, such as uterine bleeding, 
mastodynia, etc. 
4. Prolonged administration of unopposed estrogen ther 
has been reported to increase the risk of endometrial! hynernie 
sia in some patients. Est should be used with caution in 
ients who have or have endometriosis, 

. Studies of the addition of a progestin for 7 or more days of a 
cycle of estr administration have reported a lowered inci- 
dence of endometrial hyperplasia. Morphological and bio- 
chemical studies of endometrium suggest that 12 to 13 of 
een are needed to provide maximal maturation of the 
endometrium and to eliminate any hyperplastic changes 
Whether this will provide protection from endometrial carcinoma 
has not been clearly established. There are possible additional 
risks that may be associated with the inclusion of pr in in 
estrogen replacement regimens, The potential risks inc ad- 
verse effects on carbohydrate and lipid metabolism. The choice 
of progestin and dosage may be important in minimizing these 
adverse effects. 

6. Oral contraceptives appear to be associated with an in- 
creased incidence of mental depression, Although it is not clear 
whether this is due to the estrogenic or progestogenic compo- 
nent of the contraceptive, patients with a history of depression 
should be caretully observed 
7. Preexisting uterine om Aa g 
prolonged estrogen use. If this occurs, estrogen therapy shou 
be discontinued while the cause is investigated 

8. In patients with a history of jaundice dunng Progrinncy there 
is an increased risk that jaundice will recur with the use of 
estrogen-containing oral contraceptives. If jaundice develops in 
any patient receiving estrogen, the medication should be dis- 
continued while the Cause is investigated 


ta may increase in size during 


a s 
9. Estrogens may be poorly metabolized in patients with im- 
used with caution in patients 
Information for Patients 
See Patient Package Insert printed below. 
Drug/Laboratory Test Interactions 
The results of certain endocrine and liver function tests may be 


affected by estrogen-containing oral contraceptives. The fol- 
lowing changes have been observed with large doses of oral 
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by column or radioimmunoassay. 

E a elevated TBG; free T4 concentra- 

tion is unaltered; was not affected in clinical trials of 
Estraderm; 

. reduced response to the metyrapone test; 

a ones serum folate rsh le pholipid 

. increa serum triglyceri phospholipid concentra- 


Oo 


tion, and 
__ The pathologist should be informed that the patient is receiv- 
ing estrogen therapy when relevant specimens are submitted. 

Mutagenesis, Impairment óf Fertility 

See WARNINGS and Boxed Warning. 
Long-term continuous administration of natural and synthetic 
estrogens in certain animal species increases the frequency of 
carcinomas of the breast, cervix, vagina, and liver. 


See CONTRAINDICATIONS and Boxed Warning. 


Estrogens should not be used during pregnancy. 


pe igoh deraya vi ENE ANECON BT drug to 

a general principle, inistr: any drug to nursing 
mothers should be done only when clearly necessary since 
many drugs are excreted in human milk. 


ADVERSE REACTIONS 
See WARNINGS and Boxed Waming regarding potential ad- 
verse effects on the fetus, induction of malignant 1 
increased incidence of gallbladder disease, and adverse 
effects similar to tħose of oral contraceptives, including 
thromboembolism. 
_ The most commonly reported adverse reaction to Estraderm 
in clinical trials was redness and irritation at the ion site. 
This occurred in about 17% of the women treated and caused 
approximately 2% to discontinue therapy. Reports of rash have 
been rare. 

The following additional adverse reactions have been re- 
ported with estrogenic therapy, including oral contraceptives: 

Genitourinary System: Breakthr bleeding, spotting, 
change in menstrual flow; increase in size of uterine fibrom 
mata; change in cervical erosion and amount of cervical 
secretion. 

Endocrine: Breast tenderness, breast enlargement. 

Gastrointestinal: Nausea, vomiting; abdominal cramps, 
bloating; cholestatic jaundice have been observed with oral 
estrogen therapy 

Eyes: Steepening of corneal curvature; intolerance to contact 


Central Nervous System: Headache, migraine, dizziness. 
Miscellaneous: Change in weight, edema, change in libido. 


HOW SUPPLIED 

Estraderm 0.05 (estradiol transdermal system) —each 10 cmê 
system contains 4 mg of estradiol USP for nominal* deliv- 
wy Ae 0.05 mg of estradiol per day 

Patient 


alendar Pack of 8 Systems . __.. NDC 0083-2310-08 

Carton of 6 Patient Calendar 
a Ae eee ees esev sess ses. NDC 0083-2310-62 
Patient Calendar Pack of 24 systems .. . . .NDC 0083-2310-24 
Carton of 3 Patient Calendar i 
Packs of 24 systems .............55. NDC 0083-2310-60 


Estraderm 0.1 (estradiol transdermal system) — each 20 cm2 
system contains 8 mg of estradiol USP for nominal” deliv- 

of 0.1 of estradiol per day > 
- - -NDC 0083-2320-08 


Patient Calendar Pack of 8 Systems 
Carton of 6 Patient Calendar 

_.NDC 0083-2320-62 
-NDC 0083-2320-24 


Packs of 8 raens TRN 
Patient Calendar of 24 systems 
Carton of 3 Patient Calendar 
Packs of 24 systems _. __. _.NDC 0083-2320-60 
"See DESCRIPT 
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scripts must be accompanied by the following written 
statement, signed by all authors: “The undersigned 
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Human and animal experimentation. It is assumed by the 
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institution are submitted with the approval of the requisite 
authority. Human experimentation that requires local 
institutional approval must have this approval before the 
experiment is started and approval must be so indicated in 
the Methods section of the submitted manuscript. Reports 
of experiments on animals must state in the Methods 
section of the manuscript that the guidelines for the care 
and use of the animals approved by the local institution 
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Authorship. For manuscripts with two or more authors, 
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and sufficiently in the study that is being performed and 
reported. The inclusion of each author in the authorship 
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critically for important intellectual content; and (2) on 
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last name of each author and each author’s highest 
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the time the study was performed; source(s) of financial 
support; presented line, if applicable; disclaimers, if any; 
name, address, and business and home telephone numbers 
of author to whom requests for reprints should be 
addressed (if reprints will not be available, it should be so 
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phone numbers of author responsible for correspondence 
concerning the manuscript if diferent from author to 
whom reprint requests are addressed. At the bottom of the 
title page supply a short title for the running head not 
exceeding 52 characters (including word spaces). 

Condensation. On page 2 of the manuscript provide a 
brief, concise condensation, typed double-spaced, that will 
appear with the title in publication of the Contents pages 
of the JOURNAL. It should be a single sentence, limited to a 
maximum of 25 words, delineating the essential point(s) 
made in the manuscript. 

Abstract page and key words/phrases. On manuscript 
page 3 type the abstract, double-spaced, with the required 
margins and headed by the title of the article and name(s) of 
author(s). Abstracts for regular articles, Current Investi- 
gation, Clinical Opinion, and Current Development may 
not exceed 150 words. Abstracts for case reports and brief 
communications may not exceed 50 words. Below the ab- 
stract list 3 to 5 key words or short phrases for indexing 
purposes. 

Text. Do not hesitate to write your manuscript in the 
first-person, active voice if it is more appropriate to the 


information you wish to convey. The passive voice is 


generally more effective for describing techniques or 
observations, since the emphasis is on the “action” rather 
than on the person performing the action. 

Only standard abbreviations are to be used. Consult the 
Council of Biology Editors Style Manual or the AMA’s 
Manual for Authors and Editors. Abbreviations in the 
title are not acceptable. They should be avoided, if possi- 
ble, in the abstract. In the text they should be kept to a 
practical minimum. The full term for which an abbrevia- 
tion stands should precede its first use in the text unless it is 
a standard unit of measurement. 

Either the generic, chemical, or proprietary names of 
drugs may be used. If the generic or chemical name is used, 
authors may, if they desire, insert the proprietary name in 
parentheses after the first mention in the text, with the 
name of the manufacturer and city and state. 

Regular articles are customarily organized into the 
following sections: an introduction and headings that 
identify Material and Methods, Results, and Comment. 
Authors may wish to summarize their findings in a short 
paragraph at the end of the Comment section. This format 
may not be appropriate for some types of articles. 

In the introduction, state concisely the purpose and 
rationale for the study and cite only the most pertinent 
references as background. 

In the Material and Methods section describe briefly 
(but in sufficient detail to permit other workers to evaluate 
and reproduce the results) the plan, patients and/or 
experimental animals and controls, methods and proce- 
dures utilized, and statistical method(s) employed. 

In the Results section present the detailed findings. 
Include mentions of all tables and/or figures. Avoid 
duplication of text and supporting material. Emphasize 
only your important observations; do not compare your 








accordingly. 


observations with those of others. Such comparisons and 

comments are reserved for the Comment section. 
In the Comment section state the importance and 
significance of your findings but do not repeat the details 
1 in the Results section. Limit your opinions to those 
tly indicated by the facts in your report. Compare your 
findings with those of others. No new data should be 

` presented in this section. 
Acknowledgments. Acknowledge only persons who have 
made substantive contributions to the study. 

References. A reasonable number are allowed, except in 
case reports and brief communications (limited to 2) and in 
manuscripts for the Current Development section (for 
which there is no limit). Number references consecutively in 

o the order in which they are mentioned in the text. Use the 
<ac format of the “Uniform Requirements for Manuscripts 

Submitted to Biomedical Journals” (Vancouver style) (Ann 
Intern Med 198851 08:258-65). Journal titles should con- 
- form to abbreviations used in Cumulated Index Medicus. 












Examples (if six or fewer authors, list all; if seven or 
more authors, list three then et al.): 





JouRNALS: Flamm BL, Fischermann E, Quilligan EJ, et 
al. Vaginal delivery following cesarean section—use of 
oxytocin augmentation and epidural anesthesia. AM J 
OBSTET GYNECOL 1984;148:759-63. 


Booxs: James VHT, Folkerd EJ, Bonney RC, Beranek 
PA, Reed MJ. Factors influencing estrogen production 
and metabolism in postmenopausal women with endo- 
> erine cancer. In: van Herendael HB, Riphagen FE, 
Goessens L, van der Pas H, eds. The climacteric, an 
update. Lancaster, England: MTP Press, 1983:29. 





Personal communications and unpublished data, if 
essential, may be used but not as numbered references. If 
they are used, they are to be referred to, within parenthe- 
ses, at the appropriate location in the text. If used, the 
author(s) must obtain written and signed permission for 
their use from the individual being quoted. This signed 
permission must accompany the manuscript when it is 
submitted to the Editor. Abstracts are not acceptable as 
numbered references. 

Illustrations and tables. Illustrations and tables should 
supplement, not duplicate, the text; presentation of data in 
either one or the other will suffice. 

S| A reasonable number of halftone and line illustrations 
~... will be reproduced without charge, but special arrange- 

< ments must be made with the Editors for color illustra- 
tions at a cost of $525 per page (one side). 








Estimating length of manuscripts 


The length of text material (introduction through Comment section) in regular manuscripts 
accepted for publication normally ranges from 750 to 4200 words (an average of 2000 words). 
A 4200-word text can seldom be accepted, especially if tables and figures are included. The 
average manuscript of 2000 words of text with abstract, 3 tables with captions, 2 figures with 
legends, and references makes a 5.7-page article in the JOURNAL. The 2000 words of text alone 
make approximately 8 pages of manuscript typed double-spaced with the required i-inch 
margins (approximately 250 words per page). A table or figure that occupies both columns of 
half a JOURNAL page is equivalent to approximately 500 words in manuscript. Thus, if a greater 
number of illustrations and tables are used, the length of the text should be adjusted 

















































For color photographs submit original transparencies _ 
and two sets of unmounted prints on glossy (smooth- 
surface) paper. Polaroid prints are not acceptable. Color 
transparencies must have a color balance (consistency in 
lighting and film speed) that is acceptable to the author 
and Editors before acceptance for publication. Please note _ 
that 35 mm transparencies are enlarged to twice their 
original size. If it is important to deviate from this 
standard, please so indicate when the material is submit-. 
ted. The top, first author's last name, and figure number 
must be indicated on the front of each transparency and 
the back of each print. Consistency in size of illustrations — 
within the article is strongly preferred. n 

For black-and-white illustrations submit three sets 0 
3X4 inch (minimum) to 5X7 inch (maximum) 
unmounted, glossy photographic prints. All lettering must 
be done with commercially available paste-on letters (or 
numbers) or by a professional; typed or freehand lettering 
is not acceptable. All lettering must be in proportion to the. 
drawing, graph, or photograph. Original drawings, appro- 
priately done in black India ink, roentgenograms, and o 
other material must be submitted as glossy photographic - 
prints with good black-and-white contrast. Consistency in 
size within the article is strongly preferred. Any special 
instructions regarding sizing should be clearly noted. wy te 

Do not use paper clips or mar the surface of prints in any : i: 
way. _ 





Figures must be cited consecutively in the text in Arabic 
numerals and identified thusly on the back of the print. ~ 
(gummed label with): author(s) name(s), title of article, 
number, and top marked clearly. A 

Figures will be returned only on request by the author. 

Tables should be typed on separate sheets of paper, one 
table to a page, and included at the end of the text. The 
should be numbered in Roman numerals. Each table must 
be cited in sequence at an appropriate point in the text. 
Captions should be brief yet indicate clearly the purpose or- 
content of each table, and each column should be precisely 
defined by headings. Abbreviations and special designa- 
tions should be explained in a footnote to the table. [fa table | 
or any part thereof has been taken from copyrighted 
material, a legend to the table must give full credit to the 
original source. Special arrangements must be made with 
the Editors for elaborate tables because of space limita- 
tions. , Sa 
Legends to illustrations. Legends for all figures must be 
typed double-spaced on paper separate from the text of the 
manuscript, and these pages must be numbered in 
sequence after the references. Titles should be included in 





































































a | yn the print. Original ‘plaptiffications 

should be provided. If an illustration has been taken from 
copyrighted material, the legend must give full credit to 
the original source. 

Computer-generated illustrations. Black-and-white il- 
lustrations submitted must be legible and clearly printed 
in jet-black ink on heavy coated paper with either a glossy 
or dull finish. Any patterns or shadings must be dark 
enough for reproduction and must be distinguishable from 
each other. Lines, symbols, and letters should be both 
smooth and complete. The legend for the illustration 
should not appear on the print. On the back of each print 
the name of the first author and the figure number should 
be given and the top indicated. Original individual laser or 
plotter prints are to be submitted unmounted with the 
manuscript. Laser prints should be full size at 300 dots per 
inch (DPI) or greater full-page resolution; multiple illus- 
trations on a page cannot be accepted. Dot matrix prints 
and photographic halftones are not acceptable. Color 
illustrations are acceptable, but special arrangements 
must be made with the Editors. The colors used must be 
dark enough and of sufficient contrast for reproduction. 
With the exception of fluorescent colors, all colors can be 

_ reproduced in four-color illustrations. The preparation and 
submitting of color prints should follow the preceding 

- guidelines for black-and-white computer-generated illus- 
trations, 

Permissions. Direct quotations, tables, or illustrations 
that have appeared in copyrighted material must be 
accompanied by written permission for their use from the 
copyright owner and original author along with complete 
information as to source. Photographs of identifiable 
persons must be accompanied by signed releases or else all 
recognizable features masked. 

Requirements for special sections 

Case reports and brief clinical and basic science commu- 
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Requirements for submission of manuscripts 


The requirements for manuscripts submitted to the 
AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY 
have been published for many years in the Information 
_ for Authors, which appears in each issue of the JOUR- 

NAL. Occasionally, changes or rewording is needed. Our 
requirements conform to the “Uniform Requirements 
for Manuscripts Submitted to Biomedical Journals” es- 
tablished by the International Committee of Medical 
Journal Editors published in Annals of Internal Medicine 
1988;108:258-65. Our own unique requirements are 
included in the Information for Authors. 

The latest version of our Information for Authors 
was published in the October 1988 issue. The changes 
and rewording are called to the attention of authors 
for emphasis and clarity. 


The copyright statement must be signed by all au- 


thors. If the manuscript has more than one author, the 
author submitting the manuscript must confirm the 
final manuscript has been read and each author’s con- 
tribution has been approved by the appropriate author. 
These changes were made as a result of past experi- 
ences. A co-author may be able to approve only his own 
contribution rather than the entire manuscript because 
of his restricted expertise. In some instances one or 
. more co-authors did not know that a manuscript was 
written or that they were co-authors until they read the 
article published in a journal. It is necessary for the 
Editors and others to know the author(s). responsible 
for the complete final ee and for its submission 
for publication. 

For manuscripts with two or more authors, each au- 
thor must be qualified by specific criteria, and in the 
covering letter that accompanies a submitted manu- 
script it must be confirmed that all authors fulfill these 
criteria. 

The paragraph “Previous publication” in Informa- 
tion for Authors provides a long-established require- 
ment that has been reworded for clarity, which ob- 
viously was needed from our past experiences, because 
authors failed to comply uniformly with our require- 
ment when submitting a- manuscript. The potential 
problems we are concerned with are repetitive publi- 
cations and fraudulent publications. 

Repetitive articles are of two types: 

_Inone type of repetitive article, the authors (1) repeat 


the information in the Material and methods section, 
the Results section, and the conclusions drawn that was 
presented in their previous publication(s), possibly in 
different words or format; (2) provide no new infor- 
mation; (3) fail to cite reference(s) to these previous 
publications; and (4) fail to inform the Editor of the 
circumstances of their previous publication(s) and fail 
to send copies of the previously published article(s) with 
the manuscript of the repetitive article when it is ini- 
tially submitted. This is frequently considered a dual 
publication. The JOURNAL will impose an appropriate 
penalty on the authors for this type of publication. 

In another type of repetitive article, the authors (1) 
repeat some of the information contained in their pre- 
viously published article(s), but, in addition, present 
some new information in the Material and methods and 
Results sections and in the conclusions drawn, making 
a new point; (2) fail to cite reference(s) to their similar 
or related publication(s); (3) fail to inform the Editor 
of the circumstances of the previous publications or of 
a submitted or accepted manuscript; and (4) fail to send 
copies of previously published article(s) or copies of 
submitted or accepted manuscripts. The authors are 
subject to penalty for the publication of a repetitive 
article of this type under these circumstances. ‘The pen- 
alty may be avoided if the authors cite the needed ref- 
erence(s), inform the Editor of the circumstances, and 
send copies of the previously published article(s) and 
submitted or accepted manuscript. When this is done, 
the Editor and consultants can properly evaluate the 
manuscript, the importance of the new point, and the 
amount of repetitive material, which could lead to sug- 
gestions for revision of the manuscript if the new point 
is worthy. If authors are in doubt of the relevance of 
their manuscripts to their past publications or submit- 
ted or accepted manuscripts, it is judicious to send two 
copies of each with their submitted manuscript and let 
the Editor and consultants make a decision. 

Fraudulent articles are those that authors prepare 
with intent to deceive or defraud. If intent can be sub- 
stantiated, the authors will be penalized. 

Attention is called to the other new or reworded re- 
quirements, some of which were first published in the 
March 1988 issue of the JOURNAL. Authors may submit 
names and addresses of three possible reviewers of 
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their manuscripts. A one-sentence condensation must 
accompany the submitted manuscript. If a direct quo- 
tation, table, or illustration from a previously published 
report is used, written permissions from the original 
author and the copyright owner must be obtained and 
submitted with the manuscript. When the terms “per- 
sonal communication” or “unpublished data” are used 
in the text, a signed written permission for use must 
be obtained from the individual being quoted and sub- 
mitted with the manuscript. These last two require- 
ments are necessary because individuals have com- 
plained to the Editors that they or their data have been 
misquoted. An opportunity to increase the possible use 
of color illustrations is provided. The specific require- 
ments for computer-generated figures are delineated. 
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A more complete statement regarding human and an- 
imal experimentations is made. A Letter to the Editors 
must be typed double-spaced and the original, along 
with a good photocopy, must be submitted. Authors are 
expected to inform the Editor in writing of any possible 
conflict of interest. 

We realize that most authors fulfill our requirements 
for submission of manuscripts and that most of those 
who do not are unfamiliar with or misinterpret the 
requirements. This Editorial is written to improve the 
understanding and emphasize the importance of the 
Information for Authors. 
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Inactivation of prostaglandins in human decidua 


vera (parietalis) tissue: Substrate specificity of 


prostaglandin dehydrogenase 


M. Linette Casey, PhD, Michaele Delgadillo,* Kathy A. Cox, MD, Stefan Niesert, MD, 


and Paul C. MacDonald. MD 


Dallas, Texas 


Prostaglandin dehydrogenase catalyzes the initial reaction in the inactivation of prostaglandin E, and Fa. 
To address the potential importance of this enzyme in regulating the tissue levels of active prostaglandins, 
we evaluated the kinetic properties of prostaglandin dehydrogenase in uterine decidua vera tissue 

of women. Specifically, we characterized the enzyme activity under optimal in vitro conditions in 

cytosolic fractions of uterine decidua vera tissue obtained at term and compared the substrate and 
cosubstrate specificities of prostaglandin dehydrogenase in cytosolic fractions of decidual tissues. The 
incubation conditions were optimized with either prostaglandin E, or F}, and nicotinamide-adenine 
dinucleotide or nicotinamide—adenine dinucleotide phosphate as substrates to ensure linearity of product 
formation with time of incubation and protein concentration. The apparent Michaelis-Menten constant of 
nicotinamide-adenine dinucleotide—dependent prostaglandin dehydrcgenase for prostaglandin E, was 

5.5 pmol/L. The apparent Michaelis-Menten constant of nicotinanide—adenine dinucleotide 
phosphate—dependent prostaglandin dehydrogenase for prostaglandin F,, was 15 pmol/L. Prostaglandin 
E, serves as a better substrate for prostaglandin dehydrogenase than does prostaglandin F,,, irrespective 
of the cosubstrate. In cytosolic fractions of decidual tissues, the specific activity (apparent Vmax) of 
nicotinamide-adenine dinucleotide—dependent prostaglandin dehydrogenase was greater than that of 
nicotinamide-adenine dinucleotide phosphate—dependent prostaglandin dehydrogenase. In addition, we 
found that in decidual tissue obtained before or after the onset cf labor, the specific activity of 
prostaglandin dehydrogenase varied widely. In tissues obtained after delivery by cesarean section, 

no significant differences were apparent in the specific activity of the enzyme before (9.3 to 125.8 
nmol/min/mg protein) and after (27.8 to 103.4 nmol/min/mg protein) the onset of labor. In cytosolic 
fractions of decidua! tissue obtained after vaginal delivery, the specific activity of nicotinamide-adenine 
dinucleotide—dependent prostaglandin dehydrogenase ranged from undetectable levels to 38.4 
nmol/min/mg protein. We speculate that nicotinamide-adenine dinusleotide—dependent prostaglandin 
dehydrogenase in decidua serves to regulate the levels of bioactive prostaglandins in decidua vera tissue 
and the amounts of prostaglandins (and metabolites) produced in decidua or fetal membranes that reach 
myometrium and fetal membranes and enter maternal blood and amniotic fluid. (Am J OBSTET GYNECOL 


1989:160:3-7.) 


Key words: Prostaglandins, prostaglandin dehydrogenase, decidua vera tissue 
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Prostaglandins (PGs) E, and Fa, which are produced 
in the uterine decidua vera, fetal membranes, or 
both,’* are believed to be important in the initiation 
and maintenance of labor in women.“ ? It is generally 
believed that PGs act in tissue sites in or near the site 
of synthesis of these compounds. In this regard, it is 
accepted that in many tissues, the levels of PGs are 
regulated by (1) the rate of release from lipid precur- 
sors of the substrate, arachidonic acid, for prostaglan- 
din endoperoxide synthase, (2) the specific activity of 
prostaglandin endoperoxide synthase and other bio- 
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Fig. 1. NAD*-dependent prostaglandin dehydrogenase activ- 
ity in the cytosolic fraction prepared from human uterine 
decidua vera tissue as a function of time of incubation. A 
recording of the increase in fluorescence with time is pre- 
sented. The y-axis has been converted to nanomoles reduced 
nicotinamide—adenine dinucleotide produced per mg pro- 
tein. The protein concentration in the incubation mixture was 
0.2 mg/ml and the concentration of PGE, was 50 pmol/L. 


synthetic enzymes, and (3) the rate of inactivation of 
PGs by prostaglandin dehydrogenase. In previous 
investigations of the metabolism of PGs in uterine 
decidua vera, we and others found that the ac- 
tivities of prostaglandin dehydrogenase’ and PGE, 
9-keto-reductase®’ are demonstrable in cytosolic prep- 
arations of decidua vera tissue. Therefore we consid- 
ered the possibility that PGE, was converted to PGF,, 
by way of PGE, 9-keto-reductase.’ On the basis of a 
comparison of the specific activities of nicotinamide- 
adenine dinucleotide (NAD*)—dependent prostaglan- 
din dehydrogenase and PGE,-9-keto-reductase, as well 
as the apparent Michaelis-Menten constant (K,,) of 
these enzymes for PGE,, we concluded that the for- 
mation of PGF,, from PGE, was unlikely. 

In the present study, we sought to evaluate in detail 
the metabolism of PGE; and PGF» by prostaglandin 
dehydrogenase in decidua vera. We considered such 
an evaluation important for the following reasons: in 
the maternal plasma, levels of PGF,, (or metabolites 
thereof ) are increased strikingly during labor, whereas 
the levels of PGE, and metabolites thereof are increased 
only slightly, if at all.*° This occurs despite the fact that 
amnion, chorion, and decidua vera contribute to the 
production of PGE,; yet of these three tissues, only 
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Fig. 2. NAD*-dependent prostaglandin dehydrogenase activ- 
ity in the cytosolic fraction prepared from human uterine 
decidua vera tissue as a function of protein concentration in ` 
the incubation mixture. The concentration of PGE, in the 
incubation mixtures was 50 wmol/L. 


decidua produces PGF» in significant quantities.’ Fi- 
nally, the levels of PGF,, and metabolites thereof in 
amniotic fluid during labor exceed those of PGE, and 
metabolites— albeit by a small amount. 

It is known that there are two types of prostaglandin 
dehydrogenase, types I and II, however, in other tis- 
sues.” These enzymes are distinguished by cosub- 
strate specificity—type I prostaglandin dehydrogenase 
is referred to as the NAD*-dependent form and 
type II prostaglandin dehydrogenase is referred to 
as the nicotinamide—adenine dinucleotide phosphate 
(NADP*)—dependent form. Little is known of the 
characteristics of prostaglandin dehydrogenase in de- 
cidua vera. Therefore, in this study we sought to eval- 
uate under optimal in vitro conditions, the charac- 
teristics and substrate specificities of prostaglandin 
dehydrogenase in decidual tissue. In addition, we com- 
pared the specific activity of NAD*-dependent pros- 
taglandin dehydrogenase in tissues obtained before and 
after the spontaneous onset of labor at term. 


Material and methods 


Tissues. Placentas and fetal membranes were ob- 
tained immediately after delivery at term and were 
placed on ice. Decidua vera tissue was removed from 
the chorion laeve by sharp dissection. The decid- 
ual tissue was rinsed in an ice-cold solution of so- 
dium chloride (0.15 mol/L) and was homogenized 
in a Teflon-glass tissue grinder in 4 vol of Tris— 
hydrochloric acid (50 mmol/L, pH 7.2) buffer that con- 
tained glycerol (20%, v/v), sucrose (250 mmol/L), 
dithiothreitol (2 mmol/L), and ethylenediaminetetra- 
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Fig. 3. Hanes-Woolf analysis of the kinetics of NAD*-dependent prostaglandin dehydrogenase ac- 
tivity in cytosols prepared from human uterine decidua vera tissues. 


acetic acid (1 mmol/L). The homogenate was centri- 
fuged at 105,000 x g for 1 hour at 4° C. The super- 
natant (cytosolic) fraction obtained in this manner was 
used for assays of prostaglandin dehydrogenase ac- 
tivity. 

Assay of prostaglandin dehydrogenase activity. 
Prostaglandin dehydrogenase activity was assayed by 
the spectrofluorometric method described previously” 
with modifications. A Perkin-Elmer MPF-44B fluores- 
cence spectrophotometer equipped with a Perkin- 
Elmer 56 recorder was used to monitor the produc- 
tion of reduced nicotinamide—adenine dinucleotide at 
25° C. The increase in fluorescence with time at an 
excitation wavelength of 350 nm and an emission wave- 
length of 450 nm was recorded continuously. Reaction 
mixtures (1 ml total volume) consisted of sodium 
carbonate—bicarbonate buffer (50 mmol/L, pH 9.5), 
NAD*, or NADP* (1 mmol/L), PGE,, or PGF,, (added 
in 5 wl of ethanol; 50 and 100 mol/L, respectively, 
used for determination of specific activities) and 10 to 
100 ul of cytosol prepared from homogenates of de- 
cidual tissue. Rates of reduced nicotinamide—adenine 
dinucleotide or reduced nicotinamide—adenine dinu- 
cleotide phosphate production in the presence of 
NAD* or NADP* and PGE, or PGF, were corrected 
for rates of reduced nicotinamide—adenine dinucleo- 
tide formation measured in the absence of PGE, or 
PGF,,. The validity of the spectrofluorometric assay was 
confirmed by use of a radiometric assay as described 
previously." 

Determination of tissue protein content. The pro- 
tein content of cytosolic fractions was quantified by the 
method of Lowry et al. after precipitation of protein 
with trichloroacetic acid (final concentration, 4.8%, 
w/v) in the presence of deoxycholic acid (final concen- 
tration, 0.8%, w/v). 


Results 


We evaluated the activity of prostaglandin dehydro- 
genase in cytosolic fractions prepared from homoge- 
nates of uterine decidua vera tissues that were obtained 
from women at or near term at the time of delivery 
before or after the spontaneous onset of labor. NAD*- 
dependent (type I) prostaglandin dehydrogenase was 
characterized with NAD* and PGE, as substrates. We 
found that the activity of NAD*-dependent prosta- 
glandin dehydrogenase was linear with time of incu- 
bation up to 10 minutes (Fig. 1) and protein concen- 
trations in the incubation mixture up to 0.6 mg/ml (Fig. 
2). The apparent K,, of the NAD*-dependent enzyme 
for PGE, was 5.5 wmol/L (Fig. 3). 

NADP*-dependent (type II) prostaglandin dehydro- 
genase was characterized with NADP* and PGF,, as 
substrates. The activity of NADPt-dependent prosta- 
glandin dehydrogenase was linear with incubation time 
for 6 minutes and protein concentrations up to 0.6 mg/ 
ml (data not shown). The apparent K,, of NADP*-de- 
pendent prostaglandin dehydrogenase for PGF», was 
15 pmol/L. The specific activity of this enzyme (with 


PGF), or PGE, as substrate) was much less than that of 


NAD*-dependent prostaglandin dehydrogenase, that 
is, <0.5 nmol/min/mg protein. 

In general, the specific activity of NAD*-dependent 
prostaglandin dehydrogenase in the presence of PGE, 
was greater than that of this enzyme in the presence 
of PGF,,. On the other hand, the specific activity of 
NADP*-dependent prostaglandin dehydrogenase is 
even lower than that of NAD*/PGF,,-dependent pros- 
taglandin dehydrogenase. By way of example, we pre- 
sent the specific activities of prostaglandin dehydro- 
genase in the presence of various PGs and pyridine 
nucleotides in Table I. 

In a study of decidua obtained at term at the time 
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Table I. Specific activity of prostaglandin dehydrogenase in decidual tissue cytosolic fractions: substrate 


and cosubstrate specificities 


Experiment No. 
l PGE, 


PGF», 


ho 


PGE, 


PGF,, 


PGDH, Prostaglandin dehydrogenase. 


Table II. Specific activities of 
NAD*/PGE,-dependent prostaglandin 
dehydrogenase in cytosolic fractions of 
decidual tissues obtained at term before or 
after-the onset of labor 


Specific activity of 


Mode of delivery prostaglandin dehydrogenase 





Cesarean section; before labor 9.3 
(n = 7) 20.8 


Cesarean section; after sponta- 27.8 
neous onset of labor (n = 4) 76.0 


Vaginal delivery (n = 7) <0.2 


of cesarean section before or after the onset of labor 
or after vaginal delivery, we found that the specific 
activity of NAD*-dependent prostaglandin dehydro- 
genase (determined under optimal conditions) varied 
widely. In seven samples obtained before the onset of 
labor at cesarean section, the specific activity ranged 
from 9.3 to 125.8 nmol/min/mg protein (Table II). 
Similarly, in four samples obtained after the onset. of 
labor at cesarean section, the specific activity ranged 
from 27.8 to 103.4 nmol/min/mg protein. In decidual 
tissue obtained at the time of vaginal delivery (n = 7), 
however, the specific activity of NAD*-dependent pros- 
taglandin dehydrogenase, with PGE, as substrate, 
ranged from undetectable levels (<0.2 nmol/min/mg 
protein) to 38.4 nmol/min/mg protein (p < 0.01 com- 


Substrate Cosubstrate 


Specific activity of PGDH 
(nmol/min/mg protein) 


NAD* 9.3 

NADP* 0.5 

NAD*t 5.8 

NADP* Undetermined (<0.2) 
NAD* Tl 

NADP+ Undetermined 

NAD* 5.9 

NADP* Undetermined 


pared with cesarean section in labor by Mann-Whitney 
nonparametric analysis). 


Comment 


The present investigation was conducted to evaluate 
the kinetic characteristics, specific activities, and sub- 
strate specificities of the enzyme that is central in the 
inactivation of PGs, that is, prostaglandin dehydroge- 
nase, in human uterine decidua vera tissue. Using cy- 
tosolic fractions of decidua as the enzyme source, we 
found that PGE, compared with PGF,, was the pre- 
ferred substrate for this enzyme. Moreover, NAD+ (as 
opposed to NADP*) was the preferred cosubstrate of 
prostaglandin dehydrogenase in this tissue. These find- 
ings suggest that the so-called type I or NAD+- 
dependent prostaglandin dehydrogenase is active in 
decidual tissue. From the findings of this investigation, 
we cannot be certain that there is more than one pros- 
taglandin dehydrogenase enzyme in decidual tissue. 
Nonetheless, the characteristics of prostaglandin de- 
hydrogenase are consistent with the conclusion that 
PGE, is metabolized with some (albeit small) preference 
compared with PGF,, and that this metabolism is de- 
pendent on NAD* as cosubstrate. 

The specific activity of NAD*-dependent prostaglan- 
din dehydrogenase varied widely among various sam- 
ples of decidual tissue, irrespective of the presence or 
absence of labor. The specific activity of prostaglandin 
dehydrogenase in decidual tissue obtained at the time 
of delivery by cesarean section (before or during labor) 
was greater than that in decidual tissue delivered vag- 
inally. We interpret these findings to mean that PGDH 
(known to be a labile enzyme with a short half-life’) is 
decreased after vaginal delivery as the result of the 
consequences of vaginal delivery and not labor per se. 
The wide variation in specific activity of the enzyme in 
cytosolic fractions prepared from tissue obtained after 
delivery by cesarean section also may be due, in part, 
to circumstances and consequences that are associated 
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with the labor process, delivery, and tissue collection. 
Alternatively, the wide variation in specific activity of 
prostaglandin dehydrogenase may be caused by the 
presence of smal] amounts of chorion laeve tissue in 
the preparation; because of the anatomic relationship 
between chorion laeve and decidual tissue, the dissec- 
tion of decidual tissue from the chorion laeve may be 
incomplete. Indeed, it is known that the specific activ- 
ity of NAD*-dependent prostaglandin dehydrogenase 
is high in cytosolic preparations of chorion laeve 
tissue." * 

Previously we evaluated the activity of prostaglandin 
dehydrogenase in endometrial tissue of women.” In 
those studies we found that the enzyme activity was 
localized primarily in the glandular epithelium of en- 
dometrium and that the specific activity of the enzyme 
was greatest during the mid-luteal phase of the ovarian 
cycle. We proposed that the activity of PGDH in en- 
dometrium was regulated hormonally, as it appears to 
be in other tissues." Similarly, the hormonal regulation 
of prostaglandin dehydrogenase in decidua vera could 
be important in the biochemical events that lead to the 
initiation of parturition in women. This is true because 
it is believed that decidua vera may be a tissue site of 
considerable importance in the origin of PGs during 
labor.2* Moreover, in preliminary studies, we found 
that the enzyme activity persists in decidual tissue ex- 
plants that are maintained in organ culture. Thus the 
ready availability of decidua vera tissue, the ease of 
maintenance of this tissue in organ culture, and the 
known hormone responsiveness of this tissue are ample 
reasons to believe that decidua may be an ideal model 
for an investigation of hormonal regulation of NAD*- 
dependent prostaglandin dehydrogenase activity. We 
suggest that such investigations may be important in 
the correct assessment of the importance of NAD*- 
dependent prostaglandin dehydrogenase activity in de- 
cidual tissue to modulate the concentrations of active 
PGs and inactive metabolites that are produced by this 
tissue. 


13. 
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Immunohistochemical localization of renin and angiotensin II 


in human ovaries 


A. Palumbo, MD,** C. Jones, BA," A. Lightman, MD, MSc, M. L. Carcangiu, MD, 


A. H. DeCherney, MD, and F. Naftolin, MD, DPhil’ 


New Haven, Connecticut 


Ovaries from six women with normal menstrual cycles, a follicle wall biopsy specimen from a 
gonadotropin-stimulated preovulatory ovary, and a corpus luteum of pregnancy were examined by 
immunohistochemistry for the presence of immunoreactive renin and angiotensin II. Both antisera densely 
stained thecal and stromal cells (interstitial complex) and luteal cells. Whereas granulosa cells in 
developing follicles were either unstained or lightly stained, the heavily luteinized granulosa cells of the 
preovulatory stimulated follicle were strongly positive for immunoreactive renin and angiotensin Il. These 
anatomic findings are consistent with gonadotropin-stimulated local production of both renin and 
angiotensin II in the human ovary and support the functional roles proposed for the ovarian 
renin-angiotensin system in follicle development, ovulation, and luteal function and during pregnancy. (Am 


J OBsTeET GYNECOL 1989;160:8-14.) 


Key words: Renin, angiotensin II, immunohistochemistry, oocyte maturation 


The presence of renin and angiotensin II has been 
reported in many organs, and the existence of com- 
plete, locally active tissue (extrarenal) renin-angiotensin 
systems is now widely accepted.' The evidence that gen- 
eration of angiotensin II may occur intracellularly as 
well as in blood, coupled with the wide distribution 
of angiotensin II. receptors in the body, suggests 
that angiotensin II may have organ-specific autocrine- 
paracrine actions in addition to its classic and well- 
known role as a systemic regulator of blood pressure 
and fluid homeostasis. 

Evidence for the existence of an intrinsic ovarian 
renin-angiotensin system includes the presence in the 
ovary of all components of the renin-angiotensin 
system and the more recent demonstration of 
angiotensinogen- and renin messenger ribonucleic 
acid.™ Moreover, specific angiotensin II receptors that 
display quantitative changes during the estrous cycle 
have been identified on rat granulosa Cells.* ° There ts 


From the Department of Obstetrics and Gynecology’ and the Depart- 
ment of Pathology,’ Yale University School of Medicine and Yale 
University Center for Research in Reproductive Biology. 

This work was supported by grant HD22970 (to F. N.) from the 
National Institutes of Health and by the Andrew Mellon Foun- 
dation. ae: 

Presented in part at the Thirty-fifth Annual Meeting of the Soctety 
for Gynecologic Investigation, Baltimore, Maryland, March 17- 
20, 1988. 

Reprint requests: Dr. F. Naftolin, Department of Obstetrics and Gy- 
necology, Yale University School of Medicine, 333 Cedar St., FMB 
335, New Haven, CT 06510. 

*A. Palumbo is a Lalor Foundation Fellow. 

TA. Lightman was a Lalor Foundation Fellow and a Bruner Family 
Foundation Fellow. 


also evidence indicating a primary, direct role for an- 
giotensin II in ovarian steroidogenesis (Palumbo A, 
Alam M, Lightman A, DeCherney AH, Naftolin F. An- 
giotensin II affects in vitro steroidogenesis by human 
granulosa-lutein cells [Abstract 1075]. Presented at 
the Seventieth Annual Meeting of The Endocrine 
Society, New Orleans, Louisiana, June 8-11, 1988), 
oocyte maturation (Palumbo A, Pellicer A, DeCherney 
AH, Naftolin F. Angiotensin action in oocyte matura- 
tion in the rat [Abstract 107]. Presented at the Thirty- 
fifth Annual Meeting of the Society for Gynecologic 
Investigation, Baltimore, Maryland, March 17-20, 
1988), and ovulation.’ Immunohistochemical studies 
on gonadotropin-stimulated and pseudopregnant rats 
have demonstrated the presence of renin (Deshepper 
CF, Lightman A, Mellon SH, Ganong WF, Palumbo A, 
Naftolin F. Unpublished observation), and angiotensin 
II? in luteal, thecal, and stromal cells, but similar evi- 
dence is needed in humans. Reports on the ovarian 
renin-angiotensin system in women so far have been 
limited to direct observations on follicle fluid and in- 
direct evidence inferred from plasma. Renin-lke activ- 
ity and angiotensin IJ immunoreactivity have been 


shown to increase in human follicle fluid as ovulation 


approaches,® and high levels of prorenin, renin-like 
activity, and angiotensin IJ immunoreactivity have 
been demonstrated in preovulatory follicle fluid from 
gonadotropin-stimulated women,” also suggesting a 
role for angiotensin II in ovarian function. Indirect 
studies also indicated an ovarian source for prorenin 
during the normal cycle,’! ovulation induction,” and 
human pregnancy.’* '* In addition to supporting the 
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Fig. 1.a, Normal ovary from 42-year-old woman with fibroid uterus and menometrorrhagia. Staining 
of theca cells of large preovulatory follicle with antiserum to mouse submaxillary gland renin at 
1: 1000 dilution. b, Corpus luteum from 31-year-old woman with unruptured 9-week tubal ectopic 
pregnancy. Staining of luteal cells with antiserum to mouse submaxillary gland renin at 1: 1000 
dilution. c, Corpus luteum from ovary of woman with normal menstrual cycles stained for renin 
(antiserum to mouse submaxillary gland renin at 1 : 1000 dilution). d, Staining of same corpus luteum 


with anti—angiotensin II antiserum (furnished by Dr. D. Ganten) at 1:800 dilution. 


hypothesis of local synthesis of renin and angiotensin 
II, the immunohistochemical localization of renin and 
angiotensin II in certain ovarian cell types would pro- 
vide insight to their physiologic role. In this report we 
demonstrate the localization of both immunoreactive 
renin and angiotensin II in specific ovarian cell types 
at various stages of the cycle and during pregnancy. 


Material and methods 


Tissue preparation. The following ovarian tissues 
were studied: (1) normal ovaries from six women 36 to 
48 years old with normal menstrual cycles at the time 
of unrelated gynecologic surgery, (2) a biopsy specimen 
obtained from the follicle wall of a large preovulatory 
follicle at the time of laparoscopic oocyte retrieval from 
a woman with tubal infertility who had received human 
menopausal gonadotropin—human chorionic gonado- 
tropin for the purpose of in vitro fertilization,” and (3) 
one corpus luteum of pregnancy obtained from a pa- 


tient with a 9-week tubal ectopic pregnancy. Before | 


operation each patient gave consent for the study of `` 
these tissues. Specimens were fixed in 4% paraformal- 
dehyde (pH 7.4, 0.1 mol/L phosphate buffer) for 24 
hours at 4° C. They were then dehydrated and embed- 
ded in TissuePrep embedding medium (Fisher Scien- 
tific, Fair Lawn, N.J.). Serial 4 pm sections were cut, 
mounted on poly-L-lysine—coated glass slides, and 
placed in a 60° C oven for 30 minutes. The sections 
were then deparaffinized in xylene and rehydrated in 
graded alcohol. Two sections from each tissue were 
stained in hematoxylin and eosin and evaluated for 
histologic identification of ovarian compartments. 

. Antisera. The rabbit antiserum against angiotensin 
II was a gift from Dr. D. Ganten. It is highly specific 
but cross reacts completely with des-asp angiotensin II 
(angiotensin III). It was used at a dilution of 1:700 
to 1:800. Two rabbit antisera against renin were used: 
antiserum to human renin, used at 1:10,000 dilution 


(provided by Dr. V. Dzau); and antiserum to mouse 


submaxillary gland renin, used at 1:500 dilution 
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Fig. 2. Ovary from 48-year-old woman with regular cycles. Nest of perineural hilus cells is positively 


stained for angiotensin II (1: 1000 dilution). 


(provided by Dr. C. Deschepper). There is no docu- 
mentation of the capability of these antisera to dis- 
cern between active renin and prorenin. When used 
for immunohistochemical staining of the human kidney 
by the avidin-biotin-peroxidase method, all antisera 
stained juxtaglomerular cells exclusively and the stain- 
ing was abolished by preabsorbtion with the specific 
antigen against which they had been raised. 
Immunohistochemical staining. Immunostaining 
was carried out by the avidin-biotin complex method” 
with Vectastain ABC kits (Vector Laboratories, Inc., 
Burlingame, Calif.) and 3,3’-diaminobenzidine as per- 
oxidase substrate. The tissues were treated with 0.3% 
hydrogen peroxide in methanol for 30 minutes to block 
endogenous peroxidase activity, then washed in 0.1 
mol/L phosphate-buffered saline solution with 1% bo- 
vine serum albumin and incubated for 30 minutes at 
room temperature with 20% normal goat serum to re- 
` duce nonspecific background staining. The slides were 
then incubated for 16 hours at 4° C with the primary 
antisera. After washing for 30 minutes in phosphate- 
buffered saline solution containing 1% bovine serum 
albumin (fraction V, Sigma Chemical Co., St. Louis), 
tissues were incubated with biotinylated antirabbit im- 
munoglobulin G for 30 minutes. The sections were then 
washed again for 30 minutes in 1% bovine serum 
albumin and incubated with the avidin-biotinylated 
horseradish peroxidase complex for 30 minutes. After 
washing, the slides were incubated in a solution of 3,3’- 
diaminobenzidine (0.1% in phosphate-buffered saline 
solution) and 0.02% hydrogen peroxide. The slides 
were then rinsed in water, dehydrated in graded al- 
cohol baths, cleared in xylene, and mounted. Alternate 


sections were counterstained with Harris’ hematoxylin. 

To test the specificity of the immunohistochemica! 
staining, the following control sera were substituted for 
primary antisera: nonimmunized normal rabbit serum, 
anti—angiotensin II preabsorbed with angiotensin II, 
antihuman renin preabsorbed with purified human 
renin, and antimouse renin preabsorbed with purified 
human renin. All preincubations were done with an 
excess of the respective antigens for 24 hours at 4° C, 
in the presence of 0.1% bovine serum albumin. 


Results 


Ovaries from cycling women. Follicles in many 
stages were present in three of the samples. Theca cells 
of large preovulatory follicles displayed intense gran- 
ular staining for both renin and angiotensin II (Fig. 
1, a). Granulosa cells were unstained in most follicles. 
However, a few granulosa cells of large preovulatory 
follicles showed some granular staining. Dense staining 
was also observed in scattered cells in the ovarian 
stroma. In one case it was possible to clearly identify 
perineural and perivascular hilus cells specifically stain- 
ing for both renin and angiotensin II (Fig. 2). Four of 
the ovaries examined contained corpora lutea, all of 
which displayed intense immunostaining for renin and 
angiotensin II. The staining involved large and small 
luteal cells as well as capillary blood vessels (Fig. 1, c 
and d). Immunostaining of adjacent sections with spe- 
cific antisera showed that both renin and angiotensin 
II are present in the same cells. Medium-sized arterial 
blood vessels were consistently positive for angiotensin 
II, with staining of both the muscularis and the en- 
dothelium. Such staining was not observed with the 
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Fig. 3. Follicle wall from human menopausal gonadotropin—human chorionic gonadotropin stim- 
ulated human ovary immunohistochemically stained for angiotensin II. A and B, Granulosa layer 
with luteinized cells lining follicle antrum. A, Control with antiserum preabsorbed with angiotensin 
II, unstained. B, Positive staining for angiotensin II in same cells (arrows) with anti—angiotensin II 
antiserum at 1:3500 dilution. C, Positively stained theca interna cells in same follicles (arrows). 


antirenin antisera. All staining was totally abolished by 
preabsorbtion of the antisera with the respective an- 
tigens. 

Follicle wall from woman stimulated with human 
menopausal gonadotropin—human chorionic gonad- 
otropin. In this preovulatory follicle wall, intense gran- 
ular staining was observed in the luteinized granulosa 
cells lining the follicle antrum and in the adjacent theca 
interna cells (Fig. 3). A few stromal cells located near 
the thecal layer (possibly interstitial cells) also showed 
positive staining. l 

Corpus luteum of pregnancy. All luteal cells stained 
for renin and angiotensin II. The staining was not uni- 
form and differed in intensity from cell to cell (Fig. 
I, b). 


Comment 


In this study we demonstrated the presence of in- 
tracellular immunoreactive renin and angiotensin II in 
the human ovary during the normal cycle, after ex- 
ogenous gonadotropin stimulation and during preg- 
nancy. These observations complement the results of 
several previous studies by this and other laboratories 
showing the presence of prorenin, active renin, and 
angiotensin II immunoreactivity in human follicular 
fluid from normal and induced cycles*'® and support 
the concept of an ovarian source of prorenin/renin 
during pregnancy.’* ™ 

The immunohistochemical demonstration of renin 


and angiotensin II in human ovarian cells is in agree- 
ment with our previous studies showing the presence 
of angiotensin II, renin, and renin messenger ribo- 
nucleic acid in the rat ovary.*" It provides further ev- 
idence to exclude the possibility that renin activity 
and angiotensin II immunoreactivity in follicle fluid 
are merely concentrated from the bloodstream and 
strongly supports the existence of a locally active renin- 
angiotensin system in the human ovary. Furthermore, 
when considered with the evidence of direct cellular 
angiotensin II actions on these cells and tissues, the co- 
localization of renin and angiotensin II in ovarian cells 
and in specific compartments supports both autocrine 
and paracrine roles for the ovarian renin-angiotensin 
system in Ovarian function. 

In addition to prorenin, renin, and angiotensin 
II, the ovary has been shown to contain angioten- 
sinogen messenger ribonucleic acid? and angiotensin- 
converting enzyme.'*'® Whereas this indicates that all 
reactions leading to angiotensin II formation poten- 
tially can occur in ovarian cells, the mechanism of renin 
activation remains to be determined. Recent evidence 
indicates that tissue plasminogen activator, which is 
known to be produced by theca and granulosa cells, 
may play a role in the generation of angiotensin II by 
activation of prorenin to renin and/or by direct cleav- 
age of angiotensinogen to angiotensin II (Tang SS, 
Loscalzo J, Dzau VJ. Tissue plasminogen activator ac- 
tivates renin-angiotensin system [Abstract 2]. Presented 
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Fig. 4. Possible sources and roles of angiotensin II in ovarian function. 


to the Council for High Blood Pressure Research, 
New Orleans, Louisiana, October 13-16, 1987). This is 
particularly interesting in light of our recent finding 
that whereas angiotensin-converting enzyme inhibitors 
have no effect on follicle development (unpublished 
observations), the angiotensin receptor blocker sara- 
lasin effectively blocks oocyte maturation (Palumbo A, 
Pellicer A, DeCherney AH, Naftolin F. Angiotensin ac- 
tion in oocyte maturation in the rat [Abstract 107]. Pre- 
sented at the Thirty-fifth Annual Meeting of the Society 
for Gynecologic Investigation, Baltimore, Maryland, 
March 17-20, 1988), and ovulation.’ 

The anatomic findings from this study are useful in 


integrating evidence regarding possible sites of for- 
mation and actions of angiotensin II in the ovary. Fig. 
4 represents the hypothetical working model for the 
ovarian renin-angiotensin system that we are presently 
investigating. The presence of immunostaining in the- 
cal and stromal cells (interstitial complex) suggests that 
these luteinizing hormone-sensitive cell types are the 
main source of renin and angiotensin IJ during the 
early follicular phase of the cycle (Fig. 4, a). A lutein- 
izing hormone-—like autocrine action on thecal cells 
could be expected to induce androgen synthesis. Gran- 
ulosa cells of developing follicles showed little or no 
immunostaining, but all granulosa-lutein cells from 
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the preovulatory human menopausal gonadotropin— 
human chorionic gonadotropin induced follicle stained 
densely for renin and angiotensin. That maximal stim- 
ulation of the follicles’ ovarian renin-angiotensin system 
is achieved in the preovulatory period was previously 
shown by studies on follicle fluid*'? demonstrating 
very high concentrations of angiotensin II in follicle 
fluid aspirated after exposure to luteinizing hormone— 
human chorionic gonadotropin. The present work 
suggests that the preovulatory gonadotropin surge, 
whether it is predominantly luteinizing hormone in the 
spontaneous cycle or human chorionic gonadotropin 
in the induced cycle,* activates the ovarian renin- 
angiotensin system in granulosa cells and triggers their 
transformation into large luteal cells. These “activated” 
granulosa cells of preovulatory follicles could synthesize 
renin and angiotensin II and augment follicular fluid 
renin and angiotensin II. Thus the immunohistochem- 
ical findings confirm that ovarian production of renin 
and angiotensin II is cycle-related and especially sen- 
sitive to thé action of luteinizing hormone—human cho- 
rionic gonadotropin; this corresponds to the known 
program of luteinizing hormone receptors on ovarian 
cells.” 

It is possible that, as follicle development proceeds 
and the basal lamina deteriorates, angiotensin II of 
thecal and stromal origin has paracrine effects on gran- 
ulosa cells*° (Fig. 4, b and c) in addition to autocrine 
action. Our recent in vitro experiments on human 
granulosa-lutein cells showed a dose-related saralasin- 
suppressible stimulation of steroid secretion by an- 
giotensin II (Palumbo A, Alam M, Lightman A, 
DeCherney AH, Naftolin F. Angiotensin II affects 
in vitro steroidogenesis by human granulosa-lutein cells 
[Abstract 1075]. Presented at the Seventieth Annual 
Meeting of The Endocrine Society, New Orleans, 
Louisiana, June 8-11, 1988). These anatomic findings 
support the hypothesis that angiotensin IJ may be a 
direct regulator of ovarian steroidogenesis (Fig. 4, b). 
Renin and angiotensin II were also found in hilus cells. 
These cells are known to be a source of ovarian an- 
drogen and have been considered analogous to Leydig 
cells of the testis. Whereas it is tempting to assume a 
role for angiotensin II in the gonadotropin stimulation 
of androgen production by these cells, no experimental 
data are available. 

The preovulatory rise of angiotensin II in follicle 
fluid and the increased concentration of angiotensin II 
receptors in proestrous rat follicles has indicated a pos- 
sible role for angiotensin II in oocyte maturation and 
ovulation. Such a possibility also was suggested by 
the immunohistochemical localization of angiotensin- 
converting enzyme in the oolemmas of follicles.'* Re- 
cently, we determined that angiotensin II receptor 
blockade inhibits human chorionic gonadotropin— 
induced oocyte maturation (Palumbo A, Pellicer A, 
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DeCherney AH, Naftolin F. Angiotensin action in 00- 
cyte maturation in the rat [Abstract 107]. Presented at 
the Thirty-fifth Annual Meeting of the Society for Gy- 
necologic Investigation, Baltimore, Maryland, March 
17-20, 1988), and ovulation’ in the rat and that these 
effects are obviated by administered angiotensin II. 
These results indicate that angiotensin II may be an 
obligate mediator of gonadotropin action. The present 
anatomic findings support this proposition (Fig. 4, c 
and d). 

Both the corpus luteum of cycling ovaries and the 
corpus luteum of pregnancy show heavy immunostain- 
ing for renin and angiotensin II. Thus the increased 
activity of the ovarian renin-angiotensin system, which 
appears to be triggered by the preovulatory rise of go- 
nadotropin, persists during the life span of the corpus 
luteum. Sealey et al.,'* in their publication of data on 
the circulating levels of prorenin, proposed that the 
corpus luteum secretes prorenin under human chori- 
onic gonadotropin control. This is supported by in vitro 
evidence of renin-like activity secretion by cultured rat 
luteal cells (Lightman A, Rzasa PJ, Jones C, et al. The 
ovarian renin-angiotensin system: secretion of renin- 
like activity by cultured luteal cells [Abstract 823]. Pre- 
sented at the Sixty-ninth Annual Meeting of The En- 
docrine Society, Indianapolis, Indiana, June 10-12, 
1987) and by the demonstration of renin messenger 
ribonucleic acid in the rat corpus luteum by in situ 
hybridization.* The identification of intracellular an- 
giotensin II, co-localized with immunoreactive renin, 
supports the idea that a portion of this renin is activated 
and contributes to the intracellular luteal angiotensin 
II (Fig. 4, e). Angiotensin II also could have a role in 
the regulation of luteal cell steroidogenesis similar to 
its effects on cultured luteinized granulosa cells, but 
this hypothesis still needs to be tested. In a similar vein, 
given the high rate of neovascularization associated 
with corpus luteum formation and the presence of both 
immunoreactive angiotensin II and angiotensin II re- 
ceptors in blood vessels, it is tempting to speculate that 
the ovarian renin-angiotensin system may be involved 
in the hormonal control of angiogenesis in the ovary. 
Although a possible role for angiotensin II in angio- 
genesis previously has been postulated,” direct evi- 
dence that angiotensin IJ stimulates ovarian angiogen- 
esis is lacking. Thus further studies that will deter- 
mine the full nature and activities of the ovarian renin- 
angiotensin system and the degree to which angio- 
tensin II in the ovary acts as an intermediate obli- 
gate mediator of gonadotropin action remain to be 
accomplished. 
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Plasma atrial natriuretic peptide levels during the rat estrous 


cycle, pregnancy, and puerperium 


Lony C. Castro, MD, Chander Arora, PhD, Simone Pane PhD, Hassan Parvez, PhD, 
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Los Angeles, California, and Paris, France 


The rat has been used as a model for studying the changes that occur in maternal blood volume and renal 
function during pregnancy. The role, if any, that atrial natriuretic peptide plays in regulating these changes 
is unknown, and little information is available on atrial natriuretic peptide levels at different stages of 
gestation in the rat. In this study we measured plasma atria! natriuretic peptide levels by 
radioimmunoassay in the rat at each stage of the estrous cycle, during the last 2 weeks of pregnancy, and 
in the early postpartum period. Atrial natriuretic peptide levels did not change during the estrous cycle. 
Atrial natriuretic peptide levels were low on days 10 to 15 of gestation but rose to become significantly 
higher than nonpregnant levels on days 16 to 18. On day 21 shortly before delivery, levels were similar to 
nonpregnant values. Postpartum, atrial natriuretic peptide levels rose immediately and remained elevated 
for the next 48 hours. These findings suggest that factors other than blood volume may mediate plasma 
atrial natriuretic peptide levels during pregnancy and the postpartum period. (AM J OBSTET GYNECOL 


1989;160:15-9.) 


Key words: Atrial natriuretic peptide, pregnancy, puerperium, rat 


Atrial natriuretic peptide appears to be involved in 
the regulation of blood volume, blood pressure, and 
renal function. Changes in atrial stretch, such as those 
induced by acute blood volume expansion, stimulate 
the secretion of atrial natriuretic peptide from mam- 
malian cardiac atria.' In turn atrial natriuretic peptide 
acts on the kidney to increase the glomerular filtration 
rate? and suppresses basal and stimulated aldosterone 
secretion.’ Atrial natriuretic peptide has also been 
shown to relax precontracted vascular beds.* The end 
result of these diverse actions is to decrease the blood 
volume sensed by the atria. 

During normal human pregnancy there is a enh: 
cant increase in maternal blood volume,’ as well as 
an increase in the glomerular filtration rate® and al- 
tered vascular sensitivity to pressor hormones.’ These 
changes also occur in pregnant rats and they have 
served as a model to study the pregnancy-induced al- 
terations in blood volume and renal function. Whether 
atrial natriuretic peptide is involved in regulating these 
changes is unclear, since little has been published con- 
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cerning atrial natriuretic peptide in the pregnant rat. 
The purpose of this study was to describe the changes 
that occur in plasma atrial natriuretic peptide levels 
during the rat estrous cycle, pregnancy, and the early 
postpartum period to determine if the changes parallel 
the known pregnancy-induced alterations in blood vol- 
ume and renal function. 


Material and methods 


Animals studied. These experiments were done 
on 49 time-dated pregnant or postpartum Sprague- 
Dawley rats and 34 age-matched virgin control rats that 
were 10 to 12 weeks old (Simonsen, Gilroy, Calif.). 
Weights ranged from 160 to 219 gm (virgin), 190 to 
360 gm (pregnant), and 230 to 285 gm (postpartum). 
The experimental protocol was approved in advance 
by the institutions’ animal research committee. The an- 
imals were housed at least 6 days before study in a 
facility controlled for temperature and light. They had 
free access to standard laboratory chow and water. In 
the nonpregnant animals, the stage of the estrous cycle 
was determined by vaginal smear on the morning of 
study. The pregnant animals were studied on days 10 
to 15, 16 to 18, and 21 of gestation. Day 1 of pregnancy 
was determined by the presence of a cervical mucus 
plug. Each group of pregnant animals had an average 
of 12 + 1 fetuses. Postpartum animals were allowed to 
suckle. They were studied 0 to 3 and 8 to 48 hours 
after delivery. In all animals, between 2 and 2.5 ml 
of blood was obtained from the abdominal aorta im- 
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Fig. 1. Rat atrial natriuretic peptide (ANP) standard curve (@— à) and serial dilutions of rat plasma 


extracts: pregnant (O——0), postpartum (@ 


mediately after cervical dislocation. The blood was 
transferred into chilled tubes containing ethylene- 
diaminetetraacetic acid (1 mg/ml) and aprotinin 
(500 kallikrein inhibitor units per milliliter) and 
centrifuged at 2000 x g for 10 minutes at 4° C. The 
plasma was aspirated and stored at —50° C until 
extracted. 

Plasma extraction. Sep-Pak C-18 cartridges (Waters 
Associates, Milford, Mass.) were preactivated with 10 
ml of methanol and washed with 10 ml of triethyl- 
amine acetate buffer (20 mmol/L, pH 4.0); 100 pl of 
1 mol/L hydrochloric acid was added to each milliliter 
of plasma. The plasma was then centrifuged and 0.5 
to 1 ml was loaded onto each Sep-Pak cartridge. The 
cartridge was then washed with 4 ml of triethylamine 
acetate buffer, and the adsorbed atrial natriuretic pep- 
tide was eluted with 4 ml of 80% methanol, 20% trieth- 
ylamine acetate buffer. The eluate was dried in a 
Speed Vac concentrator (Savant Instruments, Hicks- 
ville, N.Y.). The dried extracts were stored at —50° C 
and resuspended in buffer on the day of assay. 

Atrial natriuretic peptide radioimmunoassay. A 
double antibody radioimmunoassay was used to mea- 
sure plasma atrial natriuretic peptide concentrations. 
Rabbit antiatrial natriuretic polypeptide antiserum 
(Peninsula Laboratories, Belmont, Calif.) was used (Lot 
No. 009325-10). This antiserum recognizes the car- 
boxyl terminus of the 28-amino-acid atrial natriuretic 
peptide molecule. Cross-reactivities have been previ- 
ously reported? and were: 1 to 28 human atrial natri- 





#), and nonpregnant (0 





Q). 


uretic peptide (100%), 1 to 28 rat atrial natriuretic pep- 
tide (100%), 5 to 28 rat atriopeptin III (100%), 5.to 27 
rat atriopeptin II (5%), and 5 to 25 rat atriopeptin I 
(1.7%). Five Ci of iodine 125-—rat atrial natriuretic 
peptide (Peninsula Laboratories) were resuspended in 
distilled water to yield a solution containing 14,000 
counts per minute per 100 pl. Standard curves were 
constructed with 1 to 28 rat atrial natriuretic peptide 
(rat atrial natriuretic peptide, Peninsula Laboratories) 
dissolved in radioimmunoassay buffer over a concen- 
tration range of 1 to 250 pg/tube. The assay buffer 
consisted of 19 mmol/L monobasic and 81 mmol/L 
dibasic sodium phosphate, 0.05 mol/L sodium chloride, 
0.1% bovine serum albumin, 0.1% Triton X-100, and 
0.01% sodium azide (pH 7.4). The assay was performed 
in 12 by 75 mm polystyrene tubes; 100 pl of standard 
or unknown was added to 100 pl of rehydrated antisera 
and incubated overnight at 4° C. The 100 ul of '*I-rat 
atrial natriuretic peptide was then added, mixed, and 
incubated overnight at 4° C. Bound and free fractions 
were separated by means of diluted normal rabbit se- 
rum and goat antirabbit y-globulin (Peninsula Labo- 
ratories). After 2 hours of incubation at room temper- 
ature, 0.5 ml of assay buffer was added to each tube, 
and the tubes were centrifuged at'2000 X gat 4° C for 
20 minutes. The supernatant was then aspirated, and 
the precipitate was counted in a y-counter. 

Statistical analysis. All values are reported as 
mean + standard error of the mean. Differences be- 
tween groups were analyzed by one-way analysis of var- 
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Fig. 2. Plasma atrial natriuretic peptide (ANP) levels in nonpregnant rats during each stage of the 


estrous cycle. 


lance with the Student-Newman-Keuls test. A p value 
<0.05 was considered significant. To eliminate any in- 
terassay variability, all atrial natriuretic peptide values 
reported are from samples run in a single assay. 


Results — 

A typical standard curve plotted as B/B, versus pico- 
grams of rat atrial natriuretic peptide is shown in Fig. 1. 
The sensitivity of the assay, the least amount distin- 
guishable from 0 with 95% confidence, ranged from 1 
to 2 pg. Multiple dilutions of pregnant, nonpregnant 
(metestrus), and postpartum rat plasma extracts were 
approximately parallel to the rat atrial natriuretic pep- 
tide standard curve. The extraction recovery of 100 pg 
of added synthetic rat atrial natriuretic peptide in 
pregnant and nonpregnant rat plasma was similar 
(88% + 0.07%, n = 4 and 93% + 0.03%, n = 4, re- 
spectively). Duplicate measurements of five replicate 
extractions of a single plasma sample were used to cal- 
culate the intraassay coefficients of variation at 76% and 
35% binding, which were 6.5% and 3%, respectively. 

_ The plasma atrial natriuretic peptide levels obtained 

in nonpregnant rats during each stage of the estrous 
cycle are shown in Fig. 2. Atrial natriuretic peptide 
levels did not change significantly during the estrous 
cycle, and the average atrial natriuretic peptide value 
for this group was 76 + 6 pg/ml. 

The changes in plasma atrial natriuretic peptide 
levels obtained during pregnancy are depicted in 
Fig. 3, A. Plasma atrial natriuretic peptide levels were 
low at 10 to 15 days of pregnancy (37 + 4 pg/ml) when 
compared with values at 16 to 18 days of pregnancy 


but were not significantly lower than nonpregnant 
levels or levels on day 21 of pregnancy. On days 16 to 
18 of gestation, plasma atrial natriuretic peptide levels 
had increased to 163 + 32 pg/miland were significantly 
greater than levels obtained in either the nonpregnant 
group or at 10 to 15 days’ gestation (p < 0.01). By day 
21 of pregnancy (shortly before delivery), atrial natri- 
uretic peptide levels had decreased to 85 + 21 pg/ml 
and were similar to nonprégnant levels. Post partum, 
plasma atrial natriuretic peptide levels rose to 167 + 31 
pg/ml during the first 3 hours after delivery (Fig. 3, 
B) and were significantly higher than maternal levels 
obtained just before delivery (p < 0.05) and on days 10 
to 15 of pregnancy (p < 0.01), as well as higher than 
nonpregnant levels (p < 0.01). Plasma atrial natriuretic 
peptide levels remained elevated as long as 48 hours 
after delivery. 


Comment 

Stimulation of atrial stretch receptors, such as that 
r: by short- and long-term changes in blood vol- 
ume, appears to be the primary determinant of atrial 
natriuretic peptide release in vivo. There is additional 
evidence that other factors such as changes in myocar- 
dial work? and hormonal stimuli (e. g., glucocorti- 
coids,'’ catecholamines,” and vasopressin’*®) may also 
be involved in regulating atrial natriuretic peptide re- 
lease either directly or through secondary hemody- 
namic changes. | : 

In rats pregnancy is accompanied by z an increase in 
blood volume of greater than 50% at term.” Plasma 
volume has been found to be elevated as early as day 
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Fig. 3. A, Plasma atrial natriuretic peptide (ANP) levels in nonpregnant (O) and pregnant rats (S) 
at different stages of gestation. B, Plasma atrial natriuretic peptide levels in postpartum rats (%). 
** < 0.0] vs nonpregnant and 10 to 15 days’ pregnant, ** p < 0.01 vs 21 days’ pregnant, *p < 0.05 
vs nonpregnant and 10 to 15 days’ pregnant, *p < 0.05 vs 21 days’ pregnant. 


6'> and to progressively rise until term; with about 50% 
of the increase occurring during the third trimester." 
We postulated a rise in plasma atrial natriuretic peptide 
levels during pregnancy that would parallel the known 
changes in blood volume. Our results did not confirm 
this. The fact that plasma atrial natriuretic peptide 
levels were not increased until days 16 to 18 suggests 
that the expanded blood volume is not great enough 
to stimulate atrial stretch receptors until the third 
trimester. The finding that plasma atrial natriuretic 
peptide levels decreased at term and were similar to 
virgin control rats was unexpected, since blood volume 
expansion is maximal at this time. This result is con- 
sistent with a report by Nadel et al.,’° which showed 
that plasma atrial natriuretic peptide levels in chroni- 
cally catheterized pregnant rats on days 19 and 20 of 
pregnancy were not elevated compared with virgin con- 
trol rats despite significant increases in plasma volume. 
Kristensen et al.” also reported that atrial natriuretic 
peptide levels in term rat atria (measured by a bioassay) 
were similar to virgin controls. Collectively, these stud- 
ies suggest that in the near-term and term pregnant 
rat, the enlarged maternal vascular compartment is 
sensed by the atria as normal. One possible explanation 
for this is that blood pressure does not appear to decline 
until day 19 of pregnancy"? and remains low until term. 
This could result in a decrease in myocardial work (a 
proposed determinant of atrial natriuretic peptide se- 


cretion)? and a consequent lowering of atrial natri- 
uretic peptide levels from day 19 of pregnancy on. 

In the present study most of the term animals were 
in labor, and one could postulate that the endocrine 
changes associated with parturition may have sup- 
pressed atrial natriuretic peptide levels. We are un- 
aware of any detailed studies that examined the effects 
of estrogen, progesterone, or prolactin on atrial natri- 
uretic peptide secretion. In this study the changes in 
estrogen and progesterone that occur during the es- 
trous cycle were not associated with any significant 
changes in plasma atrial natriuretic peptide levels. On 
the other hand, glucocorticoids! and oxytocin” have 
been reported to stimulate atrial natriuretic peptide 
levels in vivo and in vitro. l 

Our finding that plasma atrial natriuretic peptide 
levels increased within 1 hour of delivery and remained 
elevated for the next 48 hours is also consistent with 
the study by Nadel et al.'® In human pregnancies it has 
recently been shown that plasma atrial riatriuretic pep- 
tide levels also increase during the first few days post- 
partum.” As suggested by these studies and ours, the 
decrease in maternal vascular capacitance that occurs 
postpar tum may be associated with an increase in the 
“effective blood volume” (despite the decrease in ab- 
solute blood volume), which in turn stimulates atrial 
natriuretic peptide release. The increase in blood preš- 
sure observed postpartum may also increase myocardial 
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work, causing an elevation in plasma atrial natriuretic 
peptide levels. Alternatively, one can speculate that the 
profound changes in maternal endocrine status that 
occur in the early postpartum period may either di- 
rectly or indirectly stimulate atrial natriuretic peptide 
release. 

We cannot say definitively whether the increase in 
plasma atrial natriuretic peptide levels observed were 
associated with any alterations in renal function since 
we made no measurements of this. Most investigators 
conclude that in the third trimester, the glomerular 
filtration rate is elevated, with debate centered on how 
early in pregnancy the glomerular filtration rate rises 
and whether it declines at term.***' The increase in 
atrial natriuretic peptide levels on days 16 to 18 suggests 
that atrial natriuretic peptide may be at least partially 
responsible for the elevated glomerular filtration rate 
present at that time. The postpartum rise in plasma 
atrial natriuretic peptide levels is consistent with reports 
of an increase in glomerular filtration rate accompa- 
nying lactation in the rat” and suggests that atrial na- 
triuretic peptide may be involved in the diuresis that 
occurs after birth. 


We are grateful to Diana French for her expert sec- 
retarial assistance. 
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Correlation of human spermatozoa heparin binding with the 
zona-free hamster egg in vitro penetration assay 
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The purpose of our research was to determine whether heparin-binding characteristics of human 
spermatozoa are related to fertilizing potential, as determined by the hamster egg in vitro penetration 
assay. Penetration rates were standardized (hamster egg in vitro penetration assay index) by comparison 
with semen from fertile controls in each bioassay. Saturation of heparin-binding domains was achieved in 
100% of raw ejaculates (prewash), but in only 53% of “swim-up” (postwash) samples. The dissociation 
constants ranged from 0.31 to 48.75 nmol/ 10° cells, and binding site concentrations from 0.47 to 

20.82 x 10” binding sites/cell. Heparin-binding affinity was significantly greater in prewash compared with 
postwash samples (p < 0.01). In prewash samples the number of binding sites differed significantly 
between subjects having low and high penetration indeces (5.67 + 1.05 vs 2.01 + 0.34 x 10” binding 
sites/cell, p < 0.05). In prewash samples, binding affinity for heparin significantly correlated with hamster 
egg in vitro penetration assay indeces (R* = 0.142, p < 0.05). In contrast, the number of binding sites in 
prewash samples was negatively correlated with hamster egg in vitro penetration assay indeces 

(R? = 0.201, p < 0.05). These data indicate that the heparin-binding assay may prove to be é rapid, 
sensitive, and inexpensive means of assessing fertilizing potential of human spermatozoa. (Am J OBSTET 


GYNECOL 1989;160:20-6.) 


Key words: Spermatozoa, glycosaminoglycans, fertilization, hamster egg in vitro penetration 


assay, Computer-assisted semen analysis 


Capacitation of spermatozoa and the acrosome re- 
action are prerequisites for mammalian fertilization.'? 
The hamster egg in vitro penetration assay has been 
used in many clinical and research laboratories to assess 
the potential of human spermatozoa to undergo ca- 
pacitation, acrosome reaction, oocyte membrane fu- 
sion, and pronuclear formation.’ Penetration rates have 
been used as a predictor of fertility in males on the 
basis of a significant correlation between hamster egg 
in vitro penetration assay rates and in vitro fertilization 
of human oocytes.* However, normal penetration of 
zona-free hamster eggs is not necessarily an indication 
that human spermatozoa can penetrate the zona pel- 
lucida of human oocytes.* 
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Previous studies suggest that glycosaminoglycans 
have a role in capacitation and the acrosome reaction.? 
Heparin, a highly sulfated glycosaminoglycan, has been 
found to facilitate sperm capacitation and the acrosome 
reaction in vitro in several mammalian species.®” Tri- 
tiated heparin has been shown to bind to spermatozoa 
saturably, and the binding affinity and susceptibility to 
glycosaminoglycan-induced capacitation are related to 
fertility in bulls.* In displacement assays of heparin, 
Scatchard transformations of the data have indicated 
that the principal binding affinity (dissociation con- 
stants = 10°’ mol/L) is biologically significant and 
comparable with hormone-receptor—binding affinities. 
Thermodynamic calculations have suggested that tri- 
tiated heparian binding to spermatozoa is a specific and 
exothermic process that has all of the classic charac- 
teristics of a receptor-ligand interaction.” 

Tritiated heparin binds to human spermatozoa, and 
the binding affinity and the concentration of binding 
sites correlate with semen quality as determined by Cell- 
soft computer-assisted semen analysis.” In that study 
ejaculates with higher affinity and fewer binding sites 
had higher sperm concentrations, higher concentra- 
tions of motile spermatozoa, higher motility, and higher 
total cells per ejaculate compared with samples with low 
affinity and those in which saturation with heparin 
could not be reached. Those same spermatozoal traits 
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were subjected to computer analysis in a separate study 


and were positively correlated with penetration of zona- — 


free hamster eggs and in vitro fertilization of human 
oocytes.'' Heparin also binds to human sperm mem- 
branes and induces nuclear chromatin decondensation 
and deoxyribonucleic acid synthesis, processes required 
for pronuclear formation and the transcription of ge- 
netic information after fertilization.” Thus, heparin- 
binding parameters may be related to fertility in hu- 
mans as in other mammalian species. Binding may be 
indicative of the ability of human spermatozoa to un- 
dergo capacitation, acrosome reaction, and subsequent 
oocyte fertilization. These experiments correlate the 
binding characteristics of heparin to human sperma- 
tozoa with the ability of the cells to penetrate zona 
pellucida—free hamster eggs in vitro. 


Material and methods: Hamster egg in vitro 

penetration assays 

Spermatozoa preparation. Twenty-six men request- 
ing infertility evaluation and six men of proven fertility 


(controls) participated in this study. After obtaining the - 


appropriate Human Subject’s Committee clearance, se- 
men samples were collected by masturbation after 
seventy-two hours of abstinence. After completion of 
liquefaction (prewash), aliquots were removed for com- 
puterized semen analysis and binding assays. The re- 
maining portions of each sample were washed twice in 
Biggers, Whitten, and Whittingham medium (94.59 
mmol/L NaCl, 4.78 mmol/L KCl, 1.71 mmol/L CaCl., 
1.19 mmol/L KH,PO,, 1.19 mmol/L MgSO,, 25.07 
mmol/L NaHCO, 0.25 mmol/L sodium pyruvate, 
21.58 mmol/L sodium lactate, 5.56 mmol/L glucose, 
125 IU/ml of penicillin, and 3 mg/ml of bovine serum 
albumin, pH 7.4) by centrifugation for 5 minutes at 
300 x gto form a loose pellet. The supernatants were 
aspirated, and the pellets were overlayed with 0.3 to 
1.0 ml of antibiotic-free Biggers, Whitten, and Whit- 
tingham modified to contain 84.1 mmol/L NaCl, 35.7 
mmol/L NaHCO,, and 35 mg/ml of human serum al- 
bumin. Samples were incubated in 5% CO,/95% air at 
37° C for 75 to 120 minutes. Motile spermatozoa, which 
migrate from the pellet into the supernatant fluid, were 
aspirated (postwash samples), and aliquots were re- 
moved for semen analysis and binding assays. Prelim- 
inary data showed no significant difference in heparin- 
binding parameters when spermatozoa were frozen 
with or without glycerol.” Thus samples were stored 
at approximately — 70° C without the addition of glyc- 
erol as a cryoprotectant until heparin-binding assays 
were performed. The remainder of each sample was 
adjusted to a concentration of 10’ sperm/ml with mod- 
ified Biggers, Whitten, and Whittingham for use in the 
zona-free hamster egg penetration assay. 


Sperm heparin binding and fertilization 21 


Preparation of zona-free hamster eggs. The estrous 
cycles of mature female golden hamsters (Harlan 
Sprague-Dawley Co., Indianapolis, Ind.) were moni- 
tored by vaginal smear cytologic studies. Only 4-day 
cycling hamsters, after two to three consecutive cycles, 
were used in the experiments. The hamsters were su- 
perovulated by an intraperitoneal injection of 25 IU of 
pregnant mare’s serum gonadotropin (Organon, Inc., 
West Orange, N.J.) on the morning of estrus. Approx- 
imately 56 hours later, the animals received an intra- 
peritoneal injection of 25 IU of human chorionic go- 
nadotropin (Ayerst Laboratories, New York, N.Y.). 
Cumulus-enclosed oocytes were harvested from excised 
oviducts approximately 18 hours later. Eggs were freed 
from surrounding cumuli by exposure to 0.1% hy- 
aluronidase (Sigma Chemical Co., St. Louis, Mo.) in 
Biggers, Whitten, and Whittingham medium for 10 
minutes. Cumulus-free eggs were then washed five 
times in Biggers, Whitten, and Whittingham and zona 
pellucidae were solubilized by brief exposure to 0.1% 
trypsin (type IJ, Sigma). After zona removal, eggs were 
washed five times in modified Biggers, Whitten, and 
Whittingham. Fifty eggs in approximately 10 yl were 
transferred by micropipette to plastic Petri dishes con- 
taining 200 wl of postwash spermatozoa (107 cells/ml) 
covered with paraffin oil. 

Penetration evaluation. After 3 hours of incubation 
at 37° C in 5% CO,/95% air, the inseminated eggs were 
removed, washed five times with Biggers, Whitten, and 
Whittingham modified to contain 1 mg/ml of polyvinyl 
alcohol but no serum albumin, CaCl,, or antibiotics to 
remove loosely attached spermatozoa, and fixed with 
3% glutaraldehyde. Eggs were stained with 0.25% 
calcium-free lacmoid and 45% acetic acid. Sperm pen- 
etration was confirmed at X 400 by phase-contrast mi- 
croscopy. The presence of swollen heads and the cor- 
responding sperm tails in the ooplasm were the basis 
for establishing penetration. Fetilization results were 


_ expressed as the percentage of total oocytes penetrated. 


These percentages were standardized by dividing them 
by the penetration percentage achieved by spermatozoa 
from fertile controls for each assay (hamster egg in vitro 
penetration assay index). 


Heparin-binding assays 

Pre- and postwash semen samples were thawed in a 
35° C water bath, and 50 ul aliquots were solubilized 
by boiling for 15 seconds in the presence of 1 mol/L 
NaOH and 25 mmol/L B-mercaptoethanol. Protein 
concentrations were determined by the method of 
Bradford,” which used bovine y-globulin as a standard. 
Semen samples were diluted to a concentration of 
50 wg protein/ml with Tris-buffered saline solution 
(40 mmol/L Tris hydroxymethyl aminomethane, 150 
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mmol/L NaCl, 5 mmol/L benzamidine, 1 pmol/L 
phenolmethylsulfonylfluoride, and | wmol/L pepstatin 
A, pH 7.35). Ninety-six-well millititer HA filtration 
plates (Millipore Products, Bedford, Mass.) were placed 
on a vacuum filtrator and washed four times with assay 
buffer (40 mmol/L Tris, pH 7.35). One hundred mi- 
croliters (approximately 5 wg protein) were placed on 
nitrocellulose filters 1n each well and washed four times 
with assay buffer by vacuum filtration. Four serial di- 
lutions of tritiated heparin (0.4 mCi/mg, New England 
Nuclear, Boston, Mass.) were added to duplicate sam- 
ples, along with 150 pl of assay buffer for a total volume 
of 250 pl and concentrations ranging from 2.1 to 1067 
nmol/L tritiated heparin/jg of protein. Nonspecif- 
ic binding was assessed by substituting 100 wl of 
l mg/ml of unlabeled heparin for an equivalent volume 
of assay buffer. The plates were covered and incubated 
at 37° C for 120 minutes to reach equilibrium. The 
contents of the plates were filtered, and the cells were 
washed three times with assay buffer at 5° C to remove 
the unbound fraction. The nitrocellulose filters were 
punched from the plates into scintillation mini-vials and 
mixed with 5 ml of Ecoscint scintillation cocktail (Na- 
tional Diagnostics, Manville, N.J.). The vials were 
shaken overnight and counted in a Packard liquid scin- 
tillation spectrophotometer (Downers Grove, IIl.). The 
dissociation constants and the number of binding sites 
were determined by Scatchard analysis." Data were ex- 
pressed as nmoles tritiated heparin bound/10° cells, 
and number of binding sites (X 10'’)/cell, respectively. 
Sperm cell concentrations were determined by Cell- 
soft computer-assisted analysis in pre- and postwash 
samples.'® 

Computer-assisted semen analysis. Sperm concen- 
trations were evaluated with a Cellsoft automated se- 
men analyzer (CRYO Resources, Ltd., New York, N.Y.). 
Standard equipment (Olympus BH2 microscope, 10X 
objective, 6.7X photo eyepiece, MTV-3 video camera 
adaptor, 10-unit Makler Chamber) for operating a Cell- 
soft automated semen analyzer was used. The general 
parameters for the semen analysis were as follows: 20 
frames, 30 Hz, one minimum sampling for motility, 
three minimum samplings for velocity, 200 maximum 
for velocity, eight threshold velocities, 115 threshold 
gray, 0.688 Pixel scale, one dilution factor, 5- to 25-cell 
size range. 


Statistical analysis 


Subjects were grouped into the following three cat- 
egories on the basis of fertility history and hamster egg 
in vitro penetration assay indexes: (1) controls (hamster 
egg in vitro penetration assay index = 1.0, n = 6), (2) 
infertility patients with low penetration indeces (ham- 
ster egg in vitro penetration assay index < 1.0,n = 19), 
and (3) patients with high penetration indeces (hamster 
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egg in vitro penetration assay index > 1.0,” = 7). Sam- 
ples that failed to achieve saturation were excluded 
from statistical analysis, since accurate heparin-binding 
parameters could not be determined. Linear regression 
models were used to compare hamster egg in vitro pen- 
etration assay indeces with heparin-binding data from 
pre- and postwash samples. Data were analyzed with a 
minimum confidence level of 95%. Analysis of variance 
was used to compare the differences in heparin-binding 
parameters between pre- and postwash samples and 
between subjects with low, high, or control hamster 
egg in vitro penetration assay indeces. Specific dif- 
ferences between the groups were evaluated by the 
use of Fisher’s least significant difference post-hoc 
procedures.” 


Results 


Hamster egg in vitro penetration assay rates. The 
average hamster egg in vitro penetration assay rate 
(percentage of ova penetrated) for all the subjects 
including patients and controls was 26.4% + 4.8% 
(+SE), with a range of 0% to 90%. Hamster egg in 
vitro penetration assay rate data were clustered either 
above 31% or below 12%. No values were found be- 
tween those two limits. Hamster egg in vitro penetra- 
tion assay rates were below 10% in 14 samples and 
between 10% and 12% in four samples. The mean ham- 
ster egg in vitro penetration assay rate in the control 
group was significantly higher than that in the low-rate 
patients, but lower than in patients with a high hamster 
egg in vitro penetration assay rate (48.5% + 9.4% vs 
5.2% + 0.9% vs 57.9% + 5.5%, respectively). In all 
cases except one, the classification of a subject into a 
high or low penetration group on the basis of hamster 
egg in vitro penetration assay rate corresponded with 
the classification based on the hamster egg in vitro pen- 
etration assay index. Consequently, data were grouped 
for statistical analysis according to classifications ob- 
tained from the standardized hamster egg in vitro pen- 
etration assay indeces. 

Heparin-binding data. Heparin-binding parameters 
and hamster egg in vitro penetration assay indeces 
were compared in patients with low and high hamster 
egg in vitro penetration assay indeces, as well as in 
control subjects. Heparin-binding assays were per- 
formed on 32 prewash and 32 postwash samples. All 
prewash samples bound saturating levels of tritiated 
heparin, but only 17 (53%) of the postwash samples 
did so. In the prewash samples the mean numbers 
of binding sites were 5.67 + 1.05, 2.01 + 0.34, 
and 2.49 + 0.56 x 10” binding sites/cell in the low 
(n = 19), high (n = 7), and control (n = 6) hamster 
egg in vitro penetration assay index categories, re- 
spectively (Fig. 1, A). In the postwash samples, the 
mean numbers of binding sites were 5.43 + 1.02, 
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Fig. 1. Number of binding sites (A) and dissociation constants (Kds) (B) in control subjects and 
infertility patients with low and high penetration indeces. * Significantly different from prewash 
samples in the high hamster egg in vitro penetration assay (HIPA) index category (p < 0.05). *# 
Pre- and postwash samples differ significantly ip < 0.05). *** Pre- and postwash samples differ 


significantly (p < 0.005). 


3.43 + 1.55, and 0.89 + 0.43 x 10” binding sites/cell 
in the low (n = 9), high (n = 6), and control (n = 2) 
hamster egg in vitro penetration assay index categories, 
respectively. In the prewash samples, the mean disso- 
ciation constants were 3.15 + 0.54, 1.48 + 0.52, and 
1.51 + 0.16 nmol/10° cells in the low, high, and control 
hamster egg ir: vitro penetration assay index catego- 
ries, respectively (Fig. 1, B). In the postwash samples, 
the mean dissociation constants were 16.42 + 5.53, 
5.39 + 2.12, and 2.76 + 0.77 nmol/10° cells, in the 
low, high, and control hamster egg in vitro penetration 
assay index categories, respectively. In prewash sam- 
ples, subjects with low hamster egg in vitro penetration 
assay index had significantly more binding sites per cell 
than patients with a high hamster egg in vitro pene- 
tration assay index (Fig. 1, A). In the postwash samples, 


there was no significant difference between heparin- 
binding affinity or the number of binding domains of 
the different groups (Fig. 1, A and B). 

Regression analysis of hamster in vitro penetration 
assay data and heparin-binding parameters. The per- 
centage of hamster ova penetrated was inversely related 
to both the dissociation constants and the number of 
heparin-binding sites in the prewash samples (data not 
shown). 

The dissociation constants and the number of bind- 
ing sites in the raw ejaculates (prewash) were also in- 
versely related to the standardized hamster egg in vitro 
penetration assay indeces. When the number of bind- 
ing sites in the raw ejaculates was plotted against the 
hamster egg in vitro penetration assay indeces, a neg- 
ative linear relationship was found (Fig. 2, A) with an 
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Fig. 2. Composite linear regression with 95% confidence limits for (A) number of binding sites in 
prewash spermatozoa vs hamster egg in vitro penetration assay (HIPA) indeces (p < 0.05) and (B) 
dissociation constants (Kds) of prewash spermatozoa vs hamster egg in vitro penetration assay indeces 


(p < 0.05). 


R? of 0.201 (p < 0.05). When the raw ejaculate disso- 
ciation constants were plotted against the hamster egg 
in vitro penetration assay indeces, a negative linear re- 
lationship was found (Fig. 2, B) with an R? of 0.142 
(p < 0.05). Thus in prewash samples with higher ham- 
ster egg in vitro penetration assay indeces, spermatozoa 
had fewer binding sites but a greater affinity for hep- 
arin. There was no significant correlation between the 
number of binding sites or the dissociation constants 
of the postwash samples and the hamster egg in vitro 
penetration assay indeces (data not shown). 


Comment 


The objective of our research was to compare the 
heparin-binding parameters of human spermatozoa 
with hamster egg in vitro penetration assay data stan- 
dardized by thé use of semen from control subjects of 
proven fertility. Data presented herein indicate that 
heparin binding was related to the ability of hu- 
man spermatozoa to penetrate zona-free hamster ova. 
Heparin-binding affinity was positively correlated with 
the relative percentage of zona-free hamster ova pen- 


etrated. In contrast, the number of binding sites per 
cell was negatively correlated with penetration indeces. 
There was no significant correlation between heparin- 
binding parameters in post- -wash samples and hamster 
in vitro penetration data, which indicates alterations in 
heparin-binding’ characteristics during semen process- 
ing for insemination. | 

The “swim-up” has been used routinely in in vitro 
fertilization of human and zona-free hamster oocytes 
to enhance penetration when compared with “unrisen 
samples.”* 1! !% 17 This enhanced penetration may be 
explained in part by the migration of motile sperma- 
tozoa into the supernatant fluid." Other investigators" 
have indicated that the binding affinity of human sper- 
matozoa for heparin significantly correlated with the 
percentage of motile sperm and the concentration of 
motile sperm in the raw ejaculates. Those motility traits 
have been associated witn higher fertility in other stud- 
ies.> '' However, there is no experimental evidence to 
indicate. a direct relationship between heparin binding 
and motility.in subpopulations of spermatozoa from an 
ejaculate. In our study, postwash samples had lower 
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affinity (higher dissociation constants) compared with 
prewash samples. The significance of the higher dis- 
sociation constants observed in postwash samples in the 
present experiments is unknown, but may be related 
to the praec oures involved in sperm preparation of 
“swim-up” fractions. 

Seminal plasma has been found to alter tritiated 
heparin binding of epididymal sperm and inhibit 
follicular-Aluid, proteoglycan-induced acrosome reac- 
tions.'**° Thus defective adsorption of seminal plasma 
heparin- -binding proteins added to sperm at ejaculation 
could be responsible for impaired capacitation and de- 
creased sperm fertilizing ability in vitro or in vivo. Hep- 
arin-binding polypeptides isolated from sperm cell 
membranes and seminal plasma have been partially 
characterized.*" ° Whether they play a role in modu- 
lating sperm capacitation and fetilization in vivo re- 
mains to be elucidated. However, the well-established 
techniques for hamster in vitro penetration assays and 
in vitro fertilization’® '™? can be used as experimental 
models to study the physiologic role of glycosamino- 
glycans on sperm capacitation and fertilization: 

Heparin has been shown to facilitate sperm capaci- 
tation,’ accelerate conversion of proacrosin to acro- 
sin,” °* and induce decondensation of human sperm 
nuclei.*?” Previous studies also indicated that heparin- 
binding affinity was related to fertility in bulls. In hu- 
mans, this has riot ‘been established directly, although 
it has been correlated with semen parameters thought 
to be indicative of fertility. © Our data show a correla- 
tion between hamster egg penetration rates, heparin- 
binding affinity, and number of binding sites. Further 
research is warranted to determine whether heparin 
binding is necessary for human spermatozoa to un- 
dergo capacitation and subsequent oocyte fertilization 
and.the role, if any, of genital tract glycosaminoglycans 
during fertilization. However, the results of the current 
study suggest that glycosaminoglycans may be useful 
probes to evaluate human sperm-—fertilizing ability. 

Other investigators * have shown that bovine 
sperm incubated with heparin acrosome react and fer- 
tilize an increased percentage of bovine oocytes in vitro 
compared with sperm incubated without heparin. In 
these studies the frequency of acrosome reactions in- 
duced by the fusogenic lipid lysophosphatidylcholine 
under capacitating conditions with heparin correlated 
highly with the ability of sperm to fertilize oocytes in 
vitro.” ‘The effects of heparin on sperm capacitation, 
as judged, by in vitro fertilization, and on sperm sen- 
sitization to lysophosphatidylcholine- induced acrosome 
reaction were time and dose dependent, with maximum 
responses occurring at 5 to 10 ug/ml of heparin. In 
humans, the ability of heparin to enhance in vitro fer- 
tilization of human oocytes has not been established. 
However (Hensleigh HC, Wheeler PA. Unpublished 
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observations), have demonstrated that heparin in- 
creases zona-free hamster egg in vitro penetration rates 
by human spermatozoa, and also increasés the number 
of sperm undergoing the acrosome reaction. Further 
résearch is warranted to determine whether the addi- 
tion of heparin in vitro may lead to significant increases 
in the efficiency rates of human in vitro fertilization or 
gamete intrafallopian tube transfer. 
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Interferon-y in the diagnosis and pathogenesis of pelvic 


inflammatory disease 


Jamie A. Grifo, MD, PhD, Jan Jeremias, BS, William J. Ledger, MD, and 


Steven S. Witkin, PhD 
New York, New York 


Serologic markers were evaluated to determine if they could aid in the differential diagnosis of pelvic 


inflammatory disease in 48 consecutive women seeking evaluation for pelvic pain. On the basis of clinical 
and microbiologic parameters, 29 patients (60.4%) were diagnosed as having pelvic inflammatory disease. 
Neisseria gonorrhoeae only was isolated from the cervix of eight (27.6%) patients with pelvic inflammatory 
disease, five (17.2%) had only Chlamydia, and two (6.9%) had Neisseria and Chlamydia, whereas in 15 
(48.3%) patients no pathogen was isolated. Interferon-y was present in significantly more sera (0 < 0.025) 


from patients with pelvic inflammatory disease (65.5%) than from women without pelvic inflammatory 
disease (15.8%). Sera from 10 healthy women lacked detectable interferon-y. In patients with only 
Neisseria, seven (87.5%) had circulating interferon-y; three (60%) of the women with only Chlamydia, one 
(50%) woman with Neisseria and Chlamydia, and eight (57.1%) with no identified pathogens were also 
positive for interferon-y. Sera from 11 of 28 patients with pelvic inflammatory disease (39%) but only one 
of 19 sera from women without pelvic inflammatory disease (5%) also inhibited the Candida-induced 
proliferation of control lymphocytes. This immunosuppressive activity was prevented by 
immunoprecipitation of interferon-y by anti-interferon-y antibody but not by treatment with anti-interferon-a 
antibody. The persistence of interferon-y in the sera of patients with pelvic inflammatory disease may aid 
in the differential diagnosis of this disease and increase our understanding of the pathogenesis of 
microbial-mediated tubal damage. (Am J OssTeT GYNECOL 1989;160:26-31.) 
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The difficulty in diagnosing pelvic inflammatory dis- 
ease has been well documented. The routine use of 
laparoscopy by Jacobsen and Westrom' demonstrated 
the great inaccuracy of clinical diagnosis. Cervical cul- 
tures, while helpful when positive, have a relatively high 
false-negative rate, which makes culture-based diag-° 
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noses hazardous. Marked geographic differences and 
temporal shifts in the incidences of gonococcal and 
chlamydial pelvic inflammatory disease infections and 
the variety of other organisms implicated in pelvic in- 
flammatory disease also complicate diagnosis.** 

In addition, the mechanism leading to tissue destruc- 
tion and tubal occlusion in women with pelvic inflam- 
matory disease remains unclear. Chlamydia trachomatis, 
an organism implicated as a major cause of pelvic in- 
flammatory disease, does not induce damage to fal- 
lopian tubes in an in vitro organ culture system‘ but 
readily evokes a deleterious response in vivo. ®5 Also, 
the extent of tubal damage observed by laparoscopic 
examination is often severe, even in patients with rel- 
atively mild symptoms.® This suggests that immuno- 
logic mechanisms induced by the infection and not the 
infection per se may be responsible for the tubal dam- 
age associated with pelvic inflammatory disease. 

Neisseria gonorrhoeae, the second major pelvic inflam- 
matory disease-related pathogen,” * is cytotoxic to fal- 
lopian tubes in vitro.” However, possible immune- 
system involvement in the long-term sequelae of 
N. gonorrhoeae—induced pelvic inflammatory disease 
has also not received much attention. 

We examined whether immune-mediated tissue 
damage in pelvic inflammatory disease may oc- 
cur by a mechanism involving interferon-y. Both 
C. trachomats* * and N. gonorrhoeae’® are efficient in- 
ducers of interferon-y. Furthermore, interferon-y has 
the ability to induce the expression of major histocom- 
patibility complex class II antigens (Ia antigens) on 
epithelial cells, endothelial cells, connective tissue, and 
macrophages.''* Ia expression results in the activation 
of both humoral and cell-mediated immune responses 
against the Ia antigen—expressing cells, a process that 
can ultimately induce tissue destruction and chronic 
inflammation. 15 


Material and methods 


Patients were selected on presentation to the emer- 
gency room or gynecology clinic with a chief complaint 
of low abdominal or pelvic pain. Patients were diag- 
nosed as having pelvic inflammatory disease if they had 
cervical motion tenderness, white blood cells present 
on microscopic examination of a cervical smear, and a 
negative pregnancy test. The patient’s temperature, 
white blood cell count, and erythrocyte sedimentation 
rate were also considered but were not required to 
make the clinical diagnosis of pelvic inflammatory dis- 
ease. Patients having positive cervical cultures for 
N. gonorrhoeae or C. trachomatis were also diagnosed to 
have pelvic inflammatory disease. Routine laparoscopic 
evaluation of these patients was not performed because 
of the surgical risk involved and relative lack of severity 
of clinical symptoms. Control patients consisted of 
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Table I. Microbial findings in patients 
with a clinical diagnosis of pelvic 
inflammatory disease 


Pathogen isolated | No. of patients (%) 


N. gonorrhoeae 8 (27.6) 
C. trachomatis 5 (17.2) 
Neisseria and Chlamydia 2 (6.9) 

Total culture positive 15 (51.7) 
None 14 (48.3) 


those women evaluated for pelvic pain who were not 
considered to have pelvic inflammatory disease by clin- 
ical and microbiologic evaluation. In addition, 10 
healthy asymptomatic female control subjects were also 
evaluated. Samples were collected randomly from all 
individuals throughout the menstrual cycle. 

Interferon-y in patients sera was quantitated by 
enzyme-linked immunosorbent assay. Wells of a micro- 
titer plate were coated with mouse monoclonal anti- 
body to human interferon-y (Interferon Sciences, 
New Brunswick, N.J.) by overnight incubation in car- 
bonate buffer, pH 9.8. The wells were washed three 
times with phosphate-buffered saline solution contain- 
ing 0.05% Tween 20, and 0.1 ml of undiluted serum 
was added to duplicate wells. The plate was incubated 
in a 37° C water bath for 90 minutes, the wells were 
washed three times with phosphate-buffered saline 
solution—Tween 20, and 0.1 ml of a 1:200 dilution 
in phosphate-buffered saline solution—Tween 20 of 
rabbit antibody to human interferon-y (Chemicon, 
El Segundo, Calif.) was added. After an additional 
90 minutes at 37° C, the wells were again washed 
three times with phosphate-buffered saline solution— 
Tween 20 and a 1: 200 dilution in phosphate-buffered 
saline solution—Tween 20 of alkaline phosphatase— 
conjugated goat antibody to rabbit IgG (ICN, Lisle, Ill.) 
was added. After 60 minutes at 37° C, the wells were 
washed and bound alkaline phosphatase—conjugated 
antibody was quantitated, as previously described." 
The mean value for each serum sample was used to 
calculate the level of interferon. Phosphate-buffered 
saline solution blanks were always negative and super- 
natants from mitogen-stimulated cultures were always 
positive for interferon. Enzyme-linked immunosorbent 
assay values were converted to units of interferon per 
milliliter (U/ml) by the use of a standard curve. Purified 
human interferon-y concentrations ranged from 1 to 
100 U/ml and were assayed in parallel to the test sam- 
ples. Detection of interferon by enzyme-linked im- 
munosorbent assay has been shown to be a specific and 
sensitive assay, comparable with a bioassay.” 

Sera were assayed for their ability to inhibit Candida 
albicans—induced lymphocyte proliferation. Periph- 
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Table II. Interferon-y in the circulation of women with suspected pelvic inflammatory disease 


Diagnosis 
Clinical pelvic inflammatory 29 
disease 
Abdominal pain 19 
Asymptomatic control 10 


Range 
No. of patients No. interferon positive (%) (U/ml) 


19 (65.5) 10-800 
3 (15.8) 17-29 
0 (0) 0 


Table III. Circulating interferon and microbial findings in women with clinical pelvic 


inflammatory disease 
Pathogen isolated 


N. gonorrhoeae 

C. trachomatis 

Neisseria and Chlamydia 
Total culture positive 
None 


No. interferon positive (%) 


7 (87.5) 
3 (60.0) 
1 (50.0) 
11 (73.3) 
8 (57.1) 





Table IV. Inhibition of Candida-induced 
lymphocyte proliferation by sera from patients 
with pelvic inflammatory disease 


Diagnosis No. inhibitory sera (%) 
PID—N. gonorrhoeae 8 3 (38) 
PID—C. trachomatis 6 2 (33) 
PID—no pathogen 14 6 (43) 
PID—total 28 11 (39) 

No PID 19 1 (5) 


Donor peripheral blood mononuclear cells were stimulated 
by C. albicans extract in the presence of 10% control or patient 
serum. An inhibition of at least 44% (2 standard deviations 
below the control mean value) was considered significant. 


PID, Pelvic inflammatory disease. 


eral blood mononuclear cells were purified by Ficoll- 
Hypaque gradient centrifugation from heparinized 
blood obtained from a healthy woman with no history 
of pelvic inflammatory disease. Isolated cells (2 x 10° 
cells/well) were added to wells of a sterile tissue culture 
plate (Vanguard International, Neptune, N.J.) contain- 
ing 10% serum from either a patient with pelvic in- 
flammatory disease or a healthy female control in 
RPMI 1640 medium with 25 mmol/L HEPES buffer, 
L-glutamine, penicillin (100 U/ml), streptomycin (100 
ug/ml), and kanamycin (100 U/ml). The final volume 
in each well was 0.2 ml. C. albicans extract (5 pg/ml, 
Hollister-Stier, Spokane, Wash.) was added to stimulate 
lymphocyte proliferation. After 7 days, the time re- 
quired for an optimal proliferative response," cell rep- 
lication was measured by determining tritiated thymi- 
dine incorporation into cellular deoxyribonucleic acid, 
as described.’* All sera were tested in triplicate and the 
mean value was determined. Incorporation of radio- 


activity into cells in the absence of Candida (spontaneous 
incorporation [SI]) was also determined to account for 
histocompatibility differences between sera. 

The percent of inhibition of lymphocyte prolifera- 
tion was calculated for each serum from the following 
formula: 


 % Inhibition = 100 — 


Radioactivity incorporated in the 
presence of pelvic inflammatory 
disease serum — SI 
Radioactivity incorporated in the presence 
of control serum — SI 


An inhibition of 44% or greater, a value 2 standard 
deviations below the mean value obtained with a panel 
of control sera, was considered significant. 

To examine the role of interferon-y in serum- 
induced immunosuppression, this experiment was re- 
peated with sera that had been preincubated at 37° C 
for 60 minutes with either 100 U of antibody to 
interferon-y (Interferon Sciences), 100 U of antibody 
to interferon-a (Interferon Sciences), or an equal vol- 
ume of phosphate-buffered saline solution. ‘The sera 
were then centrifuged at 2000 g for 10 minutes, and 
supernatants were used in the assay. Interferon-y levels 
in sera before and after antibody treatment were mea- 
sured, as previously described. 

Differences in the rate of occurrences of interferon 
and lymphocyte-inhibitory activity between patients 
with pelvic inflammatory disease and those without 
pelvic inflammatory disease were evaluated by x’ anal- 
ysis with the use of the Yates correction factor. Cor- 
relations between interferon and inhibitory activity in 
sera were determined by the Spearman rank correla- 
tion test. a 
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Table V. Effect of antibody to interferon-y on the inhibition of Candida-induced lymphocyte proliferation 
by pelvic inflammatory disease patients’ sera : 









Patient no. 





Pathogen 


45 Chlamydia 

57 Chlamydia 

35 Neisseria 

47 Neisseria 

13 None isolated 

43 None isolated 

44 None isolated 
Control L 


Anti-IFN-y Anti-IFN-o 





% inhibition 


fal 96.0 77.6 
0 54.2 50.5 
0 56.4 64.9 
0 97.0 87.7 
2.0 (ae 59.0 
0 60.6 11.2 
0 30.4 45.6 
0 0 13.] 


Sera were incubated with antibody to interferon-y or -a or buffer for 60 minutes at 37° C. The samples were centrifuged and 
supernatants were added at a final concentration of 10% to control lymphocytes in medium plus Candida extract. Proliferation 


was measured by tritiated thymidine incorporation at 120 hours. 


IFN, Interferon. 


Results 


Of the 48 patients who came to the clinic or emer- 
gency room with a complaint of pelvic pain, 29 (60.4%) 
were diagnosed to have pelvic inflammatory disease on 
the basis of either clinical or microbiologic findings. 
The remaining 19 patients (39.6%) were determined 
to have a variety of other problems including appen- 
dicitis, vaginitis, urinary tract infection, or undiagnosed 
pelvic pain. A clinical diagnosis of pelvic inflammatory 
disease was made on the basis of cervical motion ten- 
derness or adnexal tenderness, white cells on a cervical 
smear, and a negative pregnancy test. Patients with pos- 
itive cervical cultures for N. gonorrhoeae or C. trachomatis 
were also diagnosed with pelvic inflammatory disease. 

In patients diagnosed with pelvic inflammatory dis- 
ease, 15 (51.7%) had a culture positive for N. gonor- 
rhoeae and/or C. trachomatis (Table I). Eight were pos- 
itive only for N. gonorrhoeae and five had only C. tra- 
chomatis, whereas two patients had both organisms 
present. Cultures containing other organisms, includ- 
ing Gardnerella and Streptococcus, were considered neg- 
ative for pathogens. 

Patients’ sera were tested for levels of circulating 
interferon-y (Table II). In women with pelvic in- 
flammatory disease, 19 (65.5%) were positive for 
interferon-y. In marked contrast, only three (15.8%) 
sera of patients with pelvic pain not diagnosed as pelvic 
inflammatory disease had elevated interferon-y. This 
difference was highly significant (p < 0.025), with a 
sensitivity of 66% and a specificity of 84%. One of the 
patients without pelvic inflammatory disease with cir- 
culating interferon-y had a sexual partner with N. gon- 
orrhoeae. However, because the culture and clinical find- 
ings were negative, she did not meet the criteria for a 
diagnosis of pelvic inflammatory disease. The second 
patient not diagnosed to have pelvic inflammatory dis- 


ease who had interferon-y in the serum had had a 
spontaneous abortion 2 weeks earlier. The third pa- 
tient with serum interferon-y who did not have pel- 
vic inflammatory disease was diagnosed to have acute 
appendicitis; this was proved at laparotomy with 
a supporting pathologic diagnosis. Ten healthy fe- 
male control subjects without any stigmata of pel- 
vic inflammatory disease had no elevation in serum 
interferon-y. Table III correlates the microbial findings 
with the occurrence of serum interferon-y in patients 
with pelvic inflammatory disease. Of the 15 patients 
with a positive culture for N. gonorrhoeae or C. tracho- 
matis, 11 (73%) were positive for interferon-y in the 
sera. Of the 16 patients with a clinical diagnosis of pelvic 
inflammatory disease in the absence of positive micro- 
bial findings, eight (57.1%) had interferon-y in sera. 
There were no significant differences in the frequency 
of interferon between patients with either pathogen or 
negative cultures. 

Sera from patients positive and negative for pelvic 
inflammatory disease were also evaluated for the ability 
to inhibit the cell-mediated immune response. The re- 
sults are shown in Table IV. C. albicans—induced pro- 
liferation by control lymphocytes was inhibited by 11 
of 28 sera (39%) from patients with pelvic inflammatory 
disease, but by only one of 19 sera (5%) from patients 
without pelvic inflammatory disease. This difference is 
significant (p < 0.025), with a sensitivity of 39% and a 
specificity of 95%. The percentage of inhibitory sera 
was similar from patients with pelvic inflammatory dis- 
ease with positive or negative microbial cultures. The 
presence of interferon-y in serum and the ability of 
that serum to inhibit lymphocyte proliferation was pos- 
itively correlated (r = 0.436, p < 0.025). 

To further evaluate whether this inhibition of cellular 
immune function was related to the presence in serum 


30 Grifo et al. 


January 1989 
Amy Obstet Gynecol 


Autoantibody production 


wa T lymphocyte activation 


| INFECTION | 
production 


——> Interferon y —————® la expression on 


macrophages, epithelial cells 


‘{mmunosuppression «t—— Autologous lymphocyte response 


Fig. 1. Immunologic consequences of pelvic inflammatory disease. Interfercn-y produced as a con- 
sequence of infection results in the expression of Ia antigens. Subsequent cyclic induction of immune 
activation and suppression promote further infection and increased tissue damage. 


of interferon-y, we examined whether removal of 
interferon-y from these sera affected the ability to in- 
hibit lymphocyte proliferation (Table V). Antiserum 
‘specific for interferon-y greatly reduced or eliminated 
the lymphocyte-inhibiting activity in each of the seven 
` pelvic inflammatory disease sera tested. Antibody spe- 
~ cific for a-interferon had no effect. Analyses of sera 
for interferon-y before and after antibody treatment 
demonstrated an 80% to 100% decrease in interferon 
levels (data not shown). 


Comment 


Interferon-y was present in sera from 65% of 29 
patients with clinically diagnosed pelvic inflammatory 
disease. This percentage was not significantly dif- 
ferent when the pelvic inflammatory disease was as- 
sociated with N. gonorrhoeae, C. trachomatis, or no 
identifiable pathogen. Therefore the data suggest 
that interferon-y production is frequently associated 
with, pelvic inflammatory disease. The occurrence of 
detectable levels of interferon-y in the peripheral cir- 
culation of these patients suggests that elevated inter- 
feron levels exist at the site of infection. 

High local concentrations of interferon-y in the fal- 
lopian tubes will induce the expression of Ia antigens 
on the cell membrane of epithelial cells and macro- 
phages. This can exacerbate the pathogenesis of pelvic 
inflammatory disease by several hypothetical mecha- 
nisms (Fig. 1). In one pathway high levels of Ja anti- 
gens on cell surfaces selectively activated suppressor 
T-lymphocytes by a process known as the autologous 
mixed lymphocyte reaction." This leads to the elabo- 
ration of soluble suppressor factors that down-regulate 
cellular immune responses. This may account for the 
observed ability of sera from patients with pelvic in- 


flammatory disease to inhibit lymphocyte proliferation. 
In addition, this immunosuppression might enable 
anerobic bacteria to proliferate and induce a prolon- 
gation of infection and further tissue damage. 

By a second pathway, Ia antigen expression on epi- 
thelial cells causes them to lose “self” status and renders 
them susceptible to attack by autologous T cells.'® This 
results in the appearance of autoantibodies and cyto- 
toxic T cells specifically reactive with la-expressing 
cells. The resultant inflammatory response magnifies 
tissue damage and creates conditions conducive for the 
development of additional secondary infections. In- 
creased levels of autoantibodies to smooth muscle have 
been identified in patients with pelvic inflammatory dis- 
ease.’ Similarly, enhanced Ia expression in macro- 
phages has also been shown to result in the develop- 
ment of a strong inflammatory response.” 

Whether interferon-y stimulates the inhibitory or 
stimulatory immune response pathway depends on the 
local concentration of interferon and the numbers of 
la-positive cells. Activation of the two pathways is prob- 
ably cyclic in pelvic inflammatory disease since the im- 
mune system strives to maintain an equilibrium state. 

In addition to suggesting an immune mechanism for 
the pathogenesis of pelvic inflammatory disease, anal- 
ysis of sera. for interferon-y may ultimately prove to be 
a valuable component in the differential diagnosis of 
this disease. 
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Failed fertilization in human in vitro fertilization analyzed with 
the deoxyribonucleic acid—specific fluorochrome 


Hoechst 33342 
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The degree and normality of nuclear maturation were assessed with the fluorochrome Hoechst 33342 in 
two groups of inseminated human oocytes that had failed to undergo fertilization. Group 1 consisted of 67 
oocytes from 27 patients, each of whom had at least two other oocytes that had been fertilized and had 
cleaved. Group 2 consisted of 65 oocytes from 14 patients, none of whose oocytes had been fertilized. In 
group 1, 52.3% of the oocytes were found to be immature (germinal vesicle stage or metaphase-telophase 
I), whereas in group 2 only 26% were found to be immature. Thus oocyte nuclear immaturity was the 
major cause of fertilization failure when companion oocytes were fertilized. When no oocytes of a patient 
were fertilized, most oocytes were found to be mature, so other factors, such as sperm dysfunction or 
zona binding abnormalities, must account for most of the fertilization failure in this group of patients. (Am J 


Osstet GYNECOL 1989;160:31-5.) 
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When fertilization fails with in vitro fertilization- 
embryo transfer programs, the couple wants as much 
information as possible to explain the failure. This is 
particularly so when all of the oocytes from a patient 
are unfertilized. Because a likely cause of failure of 
fertilization is chromosome anomalies in the oocyte,’ 
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Fig. 1. The bisbenzimidazole bioprobe Hoechst 33342. 





Fig. 2. No nuclear chromatin; only polar body chromatin detected. Left, Phase contrast; nght, flu- 
orescence; bar, 10 wm; C, cumulus cell; $, sperm; PB, polar body. 


Fig. 3. Late anaphase of meiosis l. Left, Phase contrast; right, fluorescence; bar, 10 pm. 


Fig. 4. Fertilized but uncleaved. Left, Phase contrast; right, Huorescence; bar, 10 pm; S, sperm. 
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Fig. 5. Abnormal chromatin distribution (arrows). Left, Phase contrast; night, fluorescence; bar, 10 


um; S, sperm; PB, polar body. 


Fig. 6. Metaphase of meiosis II (mature). Left, Phase contrast; right, fluorescence; bar, 10 pm; PB, 


polar body. 


Fig. 7. Fragmented egg in which only a few blastomeres contain chromatin. Left, Phase contrast; 


right, fuorescence; bar, 10 um. 


we studied chromatin distribution in the oocytes that 
failed to undergo fertlization from two groups of pa- 
tients: group |, those with other oocytes fertilized; and 
group 2, those with none ferulized. This study was 
done with the bisbenzimidazole fluorochrome Hoechst 
$3342 (Fig. 1). which binds specifically to double- 


stranded deoxyribonucleic acid and thereby provides a 


means of assessing chromatin distribution and orga- 


nization in the oocytes. 


Material and methods 


Oocytes were collected by follicular aspiration (lap- 
aroscopy or vaginal ultrasound) from patients in our 


in vitro fertilization—embryo transfer program. The 
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Table I. Comparison of chromatin distribution in unfertilized oocytes of both patient groups 
















No. of 
oocytes per 
patient 


No. fertilized but 
uncleaved (with 
two pronuclei) 














No. of 
patents 


No. of 


oocytes 


No. fertilized 
and cleaved 





No. unfertilized 












Group 1: Patients with some oocytes that failed to be fertilized 
6.7 


27 182 108 (59.3%)* 7 (3.8%) 67 (36.8%) 
Group 2: Patients with no oocytes fertilized 
14 65 4.67 0) 0 65 


—— —Oo ee — 


*These were transferred or frozen and were not studied with the fluorochrome. Five pregnancies (18.3% per transfer) were 


obtained in this group. 
*Significantly lower than in group 1 (p < 0.05). 
Significantly greater than in group 1 (p < 0.01). 


patients had previously received 100 mg clomiphene 
citrate (Serophene) and human menopausal gonado- 
tropin (Pergonal) or follicle-stimulating hormone (Me- 
trodin) 1 to 2 ampules per day on days 4 through 8 of 
the cycle. The gonadotropin was continued from day 
9 through the day before administration of human cho- 
rionic gonadotropin. Human chorionic gonadotropin 
(5000 IU) was usually given on cycle day 10, 11, or 12, 
and the oocytes were collected approximately 35 hours 
later. Oocytes were inseminated 6 hours after collection 
with 50,000 to 500,000 motile sperm per milliliter of 
Ham's F-10 medium supplemented with 7.5% heat- 
inactivated patient serum. At 18 hours after insemi- 
nation, the cumulus cells were stripped from the oocyte 
with a micropipette and fertilization was assessed under 
modulation contrast by recording the presence (or ab- 
sence) of two pronuclei. If fertilization did occur, the 
embryo was transferred to growth medium (Ham's 
F-10 medium with 15% serum). Approximately 40 
hours after insemination the embryos were examined 
for cleavage and up to three cleaved embryos were 
transferred to each patient. 

Oocytes that were not fertilized and had been ob- 
served for a minimum of 48 hours after insemination 
or oocytes that were fertilized but failed to cleave after 
60 to 72 hours, were stained with Hoechst 33342 (Fig. 
1) to determine chromatin distribution and the stage 
of oocyte maturation. Oocytes were placed in a 200 pl 
drop of M16 medium* containing 10 pg Hoechst 33342 
per milliliter at 37° C under 5% carbon dioxide for 30 
minutes, After staining, the oocytes were washed three 
times in M16 medium, deposited in a 1 to 2 pl drop 
on a slide and covered with a coverslip edged with 
petroleum jelly. They were then examined with a Di- 
alux 22 microscope (E. Leitz, Inc., Rockleigh, N.J.) 
equipped with a 50 W mercury arc bulb for epiflu- 
orescence and a filter block with excitation filter BP 
340-380 beam splitting mirror RKP 400, and suppres- 
sion filter LP 430 (Leitz filter block A). The Hoechst- 


33342 dye—deoxyribonucleic acid complex was excited 
with 355 nm ultraviolet light and the epifluorescent 
emission (465 nm) viewed and photographed. Phase 
contrast and fluorescence photographs were taken 
with a Wild (Heerbrugg, Switzerland) Photoautomatic 
(MPS45) camera and Kodak Tri-X Pan film (ASA 400) 
developed at ASA 1600. 

Continuous data (e.g., number of oocytes per pa- 
tient) were compared by Students ¢ test, whereas 
dichotomous data (e.g., fertilized/not fertilized, ma- 
ture/immature) were compared by x’ analysis. 


Results 


Patients with some oocytes that failed to be fertil- 
ized. Among the 182 oocytes (mean 6.7 per patient) 
from this group of 27 patients, 108 (59.3%) underwent 
fertilization and cleavage and were transferred or fro- 
zen (see Table 1). Seven fertilized oocytes failed to 
cleave (3.8%). Of the unfertilized eggs (n = 67), 28.4% 
were mature (metaphase II); a majority (52.3%) were 
found to exhibit an immature chromatin pattern (ger- 
minal vesicle or metaphase I-telophase 1), whereas 
19.4% exhibited other abnormalities, including lack of 
chromatin, an abnormal chromatin arrangement, or 
fragmentation (cytokinesis without karyokinesis). 

Patients with no oocytes fertilized. The results from 
the 14 patients with complete failure of fertilization, 
summarized in Table I, show that the chromatin dis- 
tribution in the oocytes was different from the distri- 
bution in those in group 1. Most (53.8%) were mature 
and only 26.1% immature (germinal vesicle or meta- 
phase I-telophase I); this was significantly different 
from results in group 1 (p < 0.01), 

Examples of some of the chromatin patterns seen 
with the fluorochrome are shown in Figs. 2 through 7. 


Comment 


The bisbenzimidazole fluorochromes bind externally 
and reversibly to sequences of three or more adenine- 















Metaphase H Germinal vesicle Metaphase 1~telophase I 


19 (28.4%) 4 (6.0%) 31 (46.3%) 


35 (53. 8%)t 6 (9.2%) 11 (16.9%) 


Number of unfertilized oocytes in each condition as revealed by fluorochrome bioprobe 


Other 


Abnormal chromatin 
arrangement 


Lacking chromatin 


7 10.4%) 3 (4.5%) 


4 (6.2%) 4 (6.2%) 


_ thymine pairs of double-stranded deoxyribonucleic 
© acd“ The ethoxy-substituted, membrane-permeable 
| Ss luorochrome Hoechst-33342 has been used to label 

and count the nuclei of mouse embryos before im- 
plantation without loss of viability for rapid detection 
of mouse gamete fusion.*’ 

Another bisbenzimidazole, Hoechst 33258, with a hy- 
droxyl replacing the ethoxy group of Hoechst 33342, 
penetrates cells more slowly than Hoechst 33342" and 
has been used successfully by O’Rand et al.” to assess 
chromatin distribution in uncleaved oocytes after in 
vitro fertilization. In their study most uncleaved oocytes 
exhibited an abnormal chromatin arrangement or were 
fragmented.” However, no correlation of the results 

with patient condition or in vitro fertilization outcome 
© was attempted. Comparison of our results with the re- 
© port of O’Rand et al.” is not possible because of the 
. different scoring methods used in the two studies; for 
example, O’Rand et al? did not record oocytes in 
meiosis I or lacking chromatin. 

The Hoechst-33342 fluorochrome method reported 
here permits a clear visualization, by bright blue fluo- 
rescence, of chromatin distribution. The technique is 
simple, rapid, and a valuable addition to the in vitro 

fertilization laboratory, because it can provide a partial 

explanation for failed fertilization. When some of the 
oocytes from a patient are fertilized, the main reason 
for fertilization failure in other oocytes appears to be 
the nuclear immaturity of the oocytes, despite apparent 
maturity as judged by cumulus expansion and the con- 
dition of the corona radiata seen under a dissecting 
microscope. When no oocytes are fertilized, the pri- 
mary problem appears to reside elsewhere, perhaps in 
abnormalities of sperm function, zona binding, or the 
cytoplasmic structures of the oocyte. 

Of the oocytes included in this study, 94.7% 
(234/247) were judged to be mature on the basis of 
examination of the degree of cumulus dispersion (mu- 
cification) and expansion of the corona radiata. In 
group | 94% (171/182) were judged to be mature, and 

63 of 65 (96.9%) were immature in group 2 (these 
ae differences are not significant). The use of fluoro- 





















chrome staining, however, showed that more than half 
of the oocytes in group | did in fact exhibit nuclear 
immaturity, which emphasizes again that cumulus mu-_ os 
cification is of limited value for determining the ability. 
of an oocyte to undergo normal fertilization and de- mee 
velopment. : 

In this study oocytes were not stained until they were i. : 
judged to be no longer fertilizable (a minimum of 48 . 
hours after insemination). Thus the data obtained | 
could not be used to select some oocytes for further r 
culture or reinsemination. However, with the realiza- 
tion that many unfertilized “mature” oocytes are f 
tually immature, we now routinely reinseminate oocyte 
that have failed to fertilize initially, and we are able to” 
obtain fertilization in some cases. 
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Antepartum improvement of abnormal umbilical artery — 


velocimetry: Does it occur? 


Harbinder S. Brar, MD, and Lawrence D. Platt, MD 
Los Angeles, California 


Absence of end-diastolic velocity on umbilical artery velocimetry suggests extreme elevation of placental 
vascular resistance and is associated with adverse pregnancy outcome. This study was undertaken to 
assess whether antepartum improvement of abnormal umbilical artery waveforms occurs. Thirty-one 
fetuses identified with absence of end-diastolic velocity between July 1985 and December 1987 at 
Women's Hospital underwent sequential umbilical artery velocimetry at 1- to 3-day intervals. The presence 
of end-diastolic velocity on subsequent scans was considered an improvement in waveforms. The mean 
diagnosis-to-delivery interval (20.5 + 4 days), gestational age at delivery (32.5 + 1.2 weeks), and birth 
weight (1440 + 210 gm) were significantly higher in five fetuses that showed improvement in waveforms, 
compared with the 26 fetuses that did not show improvement in waveforms (9.5 + 3.5 days, 29.5 + 0.9 
weeks, and 940 + 70 gm, respectively). Ten perinatal deaths occurred, for a perinatal mortality rate of 
32.3%. There was significant perinatal morbidity in the overall group as judged by intrauterine growth 
retardation, meconium, 5-minute Apgar scores <7, and cesarean section for fetal distress. We conclude 

_ that although absence of end-diastolic velocity is associated with adverse pregnancy outcome, antepartum 
improvement in umbilical artery waveforms occurred in 15% of the fetuses studied and was associated 
with an improvement in perinatal outcome. Factors that influenced this improvement, though unclear, might 
be related to maternal bed rest or medication and require further investigation. (Am J Osstet GYNECOL 


1989;160:36-9.) 


Key words: Umbilical velocimetry, Doppler ultrasonography 


The introduction of Doppler ultrasonography’ al- 
lows investigators to assess downstream placental vas- 
cular resistance’ by measuring systolic-diastolic ratios 
of the flow velocity waveforms of umbilical velocimetry.” 
Elevated systolic/diastolic ratios are associated with in- 
trauterine growth retardation* ° and adverse preg- 
nancy outcome.” A recent report” suggests improved 
growth of intrauterine growth-retarded fetuses after 
maternal bed rest. Absence of end-diastolic velocity 
suggests extreme elevation in placental vascular resis- 
tance and is associated with altered intracardiac blood 
flow. We are unaware of any report of longitudinal 
umbilical artery Doppler studies in fetuses with abnor- 


mal waveforms. The purpose of this study is to se- 
= quentially examine fetuses with abnormal umbilical ve- 
| locimetry to assess whether antepartum improvement 
-. in the umbilical arterial waveforms occurs and to clin- 
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Table I. Indications for delivery in 31 study 
participants with absence of end-diastolic 
velocity on initial umbilical artery velocimetry 


Indications n 
Mature lung profile 5 
Worsening maternal condition 6 
Biophysical profile <6 2 
Nonreactive with decelerations Z 
Late decelerations 2 
Oligohydramnios 3 
Preterm labor 3 
Premature rupture of 2 

membranes 

Others 6 


ically evaluate the perinatal outcomes of these study 
participants. 


Material and methods 

The period of study extended from July 1, 1985, 
through December 31, 1987. All participants signed 
informed consent forms before entry into the 
study. Umbilical velocimetry was obtained with either 
continuous-wave Doppler ultrasonography (Angioscan 
HI; Unigon Industries, North- Yonkers, N.Y), or 


pulsed-wave Doppler ultrasonography (General Elec- 


tric RT 3600, Rancho Cordova; Calif. ). The. umbilical 3 f f 
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Table II. Perinatal outcome in fetuses demonstrating improvement in flow velocity waveforms of umbilical 
artery (group 1) compared with fetuses showing no improvement and persistent absence of end-diastolic 


velocity (group 2) 





Parameter 
P Diagnosis-to-delivery 20.5* 
interval (days) 
Gestational age at 32.5% 


delivery (wk) 
Birth weight (gm) 
Intrauterine 
growth retardation 
Meconium 
5 min Apgar score <7 
Stillbirths 
-~ Neonatal deaths 
ee o section for fetal distress 


1440* 


Group 1 Group 2 
+ 4.0 (10-29) 9.5 + 3.5 (2-17) 
+ 1.2 (29-35) 29.5 + 0.9 (28-31) 
+ 210 (920-1210) 940 + 70 (740-1135) 
2* (40) 23 (88.5) 
4 (80) 17 (65.4) 
3 (60) 13 (50) 
1 (20) 2 (7.7) 
l (20) 6 (23.1) 


2 (40) 8 (30.1) 





Values of the first three parameters are expressed as mean 


+ SD, with the range in parehe: The remaining par rameters 


are represented as the number of participants, with percentages in parentheses, 


*p < 0.05. 


artery flow velocity waveforms were obtained transab- 
dominally with the patient in the left lateral decubitus 
position and the continuous-wave transducer adjusted 
to obtain the best umbilical artery signal identified by 
its characteristic appearance according to previously 
described techniques. '* ° During the pulsed-wave 
Doppler examination a free-floating loop of cord was 
_ identified, the sample gate was placed over the umbil- 
ical artery, and the waveform was obtained with the 
lowest power output. During this period 31 women with 
absence of end-diastolic velocity according to their ini- 
tial Doppler examination were identified and entered 
into the study. The absence of end-diastolic velocity was 
confirmed when five studies from each patient showed 
no end-diastolic velocity. The thump filter was turned 
off during the examination, When pulsed-wave Dopp- 
ler ultrasonography was used, five areas of the free- 
floating cord were sampled. Sequential umbilical ve- 
locimetry was performed at l- to 3-day intervals until 
delivery. Results of the Doppler velocimetry were not 
revealed to the managing physicians and could not be 
considered with regard to management decisions. The 
presence of end-diastolic velocity during any subse- 
quent velocimetry examination was considered an im- 
provement in the waveform. Data with regard to out- 
come of the studied pregnancies were collected and 
included the number of stillbirths, meconium, mode of 
delivery, Apgar scores, gestational age at entry and de- 
livery, birth weight, number of days in the neonatal 
intensive care unit, and number of neonatal deaths. 
Gestational age was determined on the basis of the last 
menstrual period and ultrasonographic examination 
early in pregnancy. A small-for-gestational-age fetus 
was defined as one with a birth weight below the tenth 





percentile according to California Growth Curves. De- 
scriptive statistics were calculated in the usual manner 
and statistical analysis was performed with the Student 
t test or x° as appropriate. The level of statistical sig- 
nificance was set at p < 0.05. fa 


Results 
Five of the 31 participants demonstrated improve- _ 
ment in the waveform as judged by the presence of — 
end-diastolic velocity on subsequent umbilical artery = 


flow velocity waveforms. The indications for delivery 


in this group of patients with absence of end-diastolic 
velocity are shown in Table I. There was no significant 
difference in the indication for delivery in patients who 
showed improvement in waveforms compared with pa- 
tients who did not show improvement in waveforms. 


In addition, there was no significant difference between _ 


the two groups with regard to mean gestational ages at 
entry into the study. The mean systolic/diastolic ratio 
at the last examination before delivery in patients with — 
improvement in waveforms remained elevated at 5.6 + 
1.2. Perinatal outcomes in the participants grouped ac-~ 
cording to whether there was subsequent development : 
of end-diastolic velocity are shown m Table H. The: 
diagnosis-to-delivery interval in days, gestational age at 
delivery, and birth weight were significantly higher in 
the participants who showed improvement in waveform 
than in those who did not show improvement in wave- 
form in this group of patients. Participants who did not 
show improvement in waveforms on subsequent um- 
bilical velocimetry had a significantly higher incidence 


of adverse pregnancy outcome on the basis of a higher | A 


percentage of intrauterine growth retardation, com- 
pared with those who showed improvement in wave- 
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Fig. 1. Initial umbilical artery velocimetry (A) of growth-retarded fetus demonstrating absence of 
end-diastolic velocity. Sequential abdominal circumference (B) measurements showing improved 
growth after institution of maternal bed rest at 30 weeks. Umbilical artery velocimetry (C) before 
delivery demonstrating improvement in waveform with presence of end-diastolic velocity. 


forms. However, there was no significant difference 
between the two groups in admissions to or days spent 
in the neonatal intensive care unit. Bed rest was ordered 
for 22 of the 31 study participants in light of preeclamp- 
sia and intrauterine growth retardation, and 11 partic- 
ipants were given antihypertensive medications includ- 
ing methyldopa (Aldomet), hydralazine (Apresoline), 
clonidine hydrochloride, thiazides, and propranolol hy- 
drochloride (Inderal) to contol their chronic hyperten- 
sion. One of the intrauterine growth retardation fetuses 
that demonstrated improved growth on an ultrasono- 
gram and associated improvement in umbilical artery 


T: flow velocity waveform is shown in Fipol 


Comment 
Our study is consistent with those of other investi- 
-gators who show a significant increase in adverse preg- 


. nancy outcome with a reduction in end-diastolic veloc- 


-ity and an elevation in systolic/diastolic ratios on um- 
bilical velocimetry.” Absence of end-diastolic velocity 
suggests an increase in downstream placental vascular 
resistance” and is associated with altered intracardiac 
hemodynamics." Investigators have pointed out a re- 
duced number of small muscular arteries in the tertiary 
stem villi of the placenta of patients who show elevated 
systolic/diastolic ratios compared with patients with 
normal ratios. Whether these vessels are reduced in 
number to begin with or subsequently undergo atrophy 
has not been elucidated. If the latter phenomenon oc- 
curs, itis unlikely that regeneration of these vessels 


occurs and improves umbilical artery velocity wave- 
forms. Another possible explanation for the improve- 
ment of waveforms may be a reversible spasm of these 
vessels, Absence of end-diastolic velocity can be seen 
early in pregnancy, but diastolic fow usually appears 
by the late phase of the second trimester with the de- 
velopment of a low-resistance circuit in the placenta. It 
is therefore possible that improvement in waveforms 
may be a result of delayed development of the normal 
compliance of the placenta. All of these mechanisms 
appear to be speculative. 

Bed rest was ordered for all of the study participants 
and various medications were administered including 
P agents. Bed rest in the lateral decu- 
tumize e a Pe Alt ik, ne effect 
of bed rest on e E is less clear, 
ante in e E eues w hether a "i 
fects of maternal bed rest on uteroplacental and feto- 
placental circulation are causally related to the im- 
provement in waveforms seen in five of the 31 patients 
is unclear and requires further investigation. Im- 
provement in waveform was associated with improved 
growth of abdominal circumference in one of the fe- 
tuses. Although these findings are anecdotal and the 
possibility of inherent measurement error in abdominal 
circumference exists, the overall outcome of fetuses 
that show improvement in waveforms appears to be 
significantly better than that of fetuses with no im- 







vement. In opposition to changes in downstream 
ental vascular resistance, it is possible that upstream 
rs. in the fetus such as stroke volume or cardiac 
tt may be altered by bed rest or medications, 
: hese factors may also produce improvement in 







































Amid these speculations it appears clear that ante- 
irtum improvement in abnormal umbilical waveforms 
“occurs in about 15% of cases. This waveform improve- 
“ment is associated with an improvement in perinatal 

outcome. Therefore even though absence of end- 

diastolic velocity is associated with increased incidence 

of poor pregnancy outcome, it appears premature to 
i intervene i in a pregnancy solely on the basis of abnormal 
rms because antepartum improvement can oc- 
u ther studies, probably collaborative multicenter 
-studies because of the rarity of this abnormality, are 
required to assess the effects of bed rest, various med- 
ications, and fetal therapy in the improvement of ab- 
normal waveforms and outcome. 
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Effect of ovarian endometriosis on ovulation in rabbits 


Carolyn R. Kaplan, MD, Carlton A. Eddy, PhD, David L. Olive, MD, and 


Robert S. Schenken, MD 
San Antonio, Texas 


To study the relationship between endometriosis and ovulatory dysfunction, we induced ovarian 
endometriosis in the rabbit model. Adipose tissue was placed in the contralateral ovary as a control. 
Ovulation was induced with human chorionic gonadotropin, and ovulation points were counted before and 
after induction of endometriosis. Periovarian adhesions were graded, and ovaries were histologically 
examined. A significant decrease in the number of ovulation points was observed in ovaries with 


endometrial tissue (p = 0.001) but not in ovaries that contained adipose tissue (p = 


0.095). Periovarian 


adhesions. decreased the number of ovulation points (p < 0.01) in ovaries that contained adipose or 
endometrial tissues. Multivariate analysis demonstrated that an increase in adhesion severity was 
correlated with a decrease in the number of ovulation points (p < 0.05), but endometrial tissue was not 
(p = 0.45). We conclude that, in the rabbit model, minimal ovarian endometriosis impairs ovulation 
primarily through a mechanism related to periovarian adhesions. (AM J OBSTET GYNECOL 1989;160:40-4.) 


Key words: Ovarian endometriosis, adhesions, ovulation 


A variety of mechanisms have been proposed to ex- 
plain infertility in association with endometriosis.’ A 
direct mechanical effect from adhesion. formation or 
distortion of normal pelvic anatomy may prevent con- 
ception in cases of moderate to severe endometriosis, 
but for the patient with minimal or mild disease the 
cause of infertility is unclear. In less severe cases ovu- 
latory dysfunction (i.e., luteinized unruptured follicles 
and luteal phase defects), hyperprolactinemia, immu- 
nologic phenomena, and changes in the peritoneal 
fluid or its constituents are proposed causes of 
endometriosis-associated infertility." 

Previous studies of women suggested that ovulatory 
dysfunction is an important mechanism of infertility 
caused by endometriosis.' ** In some studies, patients 
with severe endometriosis and/or pelvic adhesions re- 


-sponded poorly to ovarian stimulation for in vitro fer- 


tilization.*"” However, other studies reported similar 


~ numbers of oocytes retrieved in women with endo- 


‘metriosis and adhesions compared with the overall 
in vitro fertilization population.'* " In any event, these 
studies report descriptive case series and do not attempt 
to discern the mechanism of ovulatory dysfunction. 
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Ovulatory dysfunction is also reported in animal 
models for endometriosis.'* '° Although adhesions are 
associated with infertility in these animals, the relative 
importance of endometriosis and adhesions has not 
been systematically studied. Previous studies in animals 
are limited to the effects of peritoneal endometriosis 
on fertility, which may obscure the importance of local 
ovarian effects. This study was undertaken to deter- 
mine whether ovarian endometriosis impairs ovulation 
and to evaluate the role of periovarian adhesions. 


Material and methods 

Virgin New Zealand White rabbits (N = 26) weigh- 
ing 2.8 to 3.2 kg were studied. Each rabbit received 50 
IU human chorionic gonadotropin intr amuscularly 
to induce ovulation. Laparotomy was performed 48 
hours later under sterile conditions with ketamine 
hydrochloride (Vetalar, Parke-Davis, Detroit, Mich.; 50 
mg/kg, intramuscularly) and xylazine hydrochloride 
(Rompun, Haver-Lockhart, Shawnee, Kan.; 19 mg/kg, 
intramuscularly) anesthesia. Ovaries were carefully in- 
spected and ovulation points were counted. No adhe- 
sions or genital tract abnormalities were observed. 

Three weeks later, a second laparotomy was per- 
formed. With microsurgical techniques, a 3 mm inci- 
sion was made in each uterine horn and a 3 x 3 x, 
3mm section of endometrial tissue was gently separated 
from the myometrium. Incisions were closed with 8-0 
nylon suture material. A 3 x 3 x 3 mm section of adi- 
pose tissue was carefully excised from the omentum. A 
5 mm longitudinal incision was made on the antimes- 
enteric aspect of each ovary. Endometrial tissue was 
placed in one ovary and adipose tissue was placed i in 
the contralateral ovary in a randomized fashion. Inci- 











Fig. 1. Photomicrograph of rabbit ovary with viable endometrial implant. Note presence of endo- 
metrial glands and stroma (large arrow) and corpus luteum with ovul:tory stigma (small arrow) adjacent 


to implant. (Original magnification x 40.) 
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Fig. 2. Photomicrograph of rabbit ovary with viable adipose ussue implant (large arrow) adjacent to 
blood vessels (small arrows) in ovarian hilum. (Original magnification x 40.) 


sions were closed with continuous 8-0 nylon suture ma- 
terial with care taken to maintain hemostasis and the 
normal architecture of the ovary. 

Seven weeks later rabbits received 50 IU human cho- 
rionic gonadotropin intramuscularly and were killed 
48 hours later with an intravenous overdose of pen- 
tobarbital sodium. Ovaries were carefully inspected and 
ovulation points were counted. Periovarian adhesions 
were graded according to their density and the extent 
of ovarian surface affected. Dense adhesions that in- 
volved >50% of the ovary were assigned a score of 3, 


dense adhesions that involved <50% of the ovary or 
filmy adhesions that involved >50% of the ovary were 
assigned a score of 2, filmy adhesions that involved 
<50% of the ovary were assigned a score of I, and 
instances of no adhesions were assigned a score of 0. 
Ovaries were resected and fixed in 10% formalin. 
Each ovary was serially sectioned, stained with hema- 
toxylin and eosin, and examined microscopically to con- 
firm the presence of endometrial or adipose tissue. 
Ovulation points before (control ovulation points) 
and after (experimental ovulation points) implantation 





-` Table I. Distribution of adhesion scores 









Endometrial 
tissuet 
(%) 






A d ipose 
tissuet 


(%) 





Description* 





Dense; > 50% 3 15 5 
Dense; < 50% 2 10 30 
Filmy; > 50% 2 10 0 
Filmy; < 50% l 40 30 
None 9 25 35 





*Extent of ovarian surface covered by adhesions. 
Ovaries containing endometrial tissue implants. 
+Ovaries containing adipose tissue implants. 


of endometrial tissue or adipose tissue were compared 


by means of the paired Student ¢ test. The level of 


significance was set at p < 0.05. Multiple linear regres- 
sion analysis was carried out in a reverse stepwise man- 
ner with Abstat Release 4.13 (Anderson Bell, Parker, 
Colo.) with retention in the model if p< 0.15. The 
dependent variable was the change in ovulation points; 
endometriosis (presence or absence), adhesions (pres- 


fe : ence or absence), and control ovulation points were the 


initial independent variables. A subsequent regression 


-» analysis substituted adhesion score for adhesions as an 


independent variable. In addition, analysis of variance 


> and covariance with repeated measures was performed 
= © to account for pairing in the multivariate analysis. 
-= BMDP statistical software version 4.5 (BMDP Statistical 


o _ Software, Berkeley, Calif.) was used on a VAX 8650 
os _ computer (Digital Equipment Corporation, Maynard, 
- Mass. ). 


2 -Results 
as © Microscopic examination. Endometrial glands and 





< > stroma were not histologically confirmed in the ovaries 


_ of three rabbits, which were excluded from study. Vi- 


< able endometrial tissue or adipose tissue was identified 
-histologically in the ovaries of 23 rabbits. Endometrial 


_ implants appeared as solid nodules or cystic structures 


lined with glands and stroma (Fig. 1). Adipose implants 
eo appeared as vascularized cystic structures that con- 







| tained adipocytes (Fig. 2). Implants constituted 15% to 
20%, of the ovarian volume as assessed by serial histo- 
logic sections. 

: -Adhesion scoring. The distribution of adhesion 


: ~ for ovaries with endometrial tissue and those 
- with adipose tissue are shown in Table I. 


- Univariate analysis. The number of ovulation points 


= before and after surgical placement of endometrial tis- 
-sue or adipose tissue is shown in Table H. A significant 


difference in the number of ovulation points was ob- 
served only for ovaries that contained endometrial 


tissue. The presence. of adhesions decreased the num- 


ber of ovulation points in ovaries with endometrial tis- 





Table II. Ovulation points before and after 
placement of adipose or endometrial tissue 
in ovary 
















Control 
ovulation 
points 


Experimental 
ovulation 


Tissue implant points 





23 «4.6 + 0.3 2.4 + 0.5 0.001 


Endometrial 


Adipose 23 442 0.5 Sida Uso 0.095 





*Control ovulation points vs. experimental ovulation points. 


sue (p = 0.008) and in those with adipose tissue 
(p = 0.009) (Table IH). In the absence of adhesions, a 
near-significant decrease in the number of ovulation 
points (p = 0.063) was observed in ovaries with en- 
dometrial tissue but no change was evident in ovaries 
with adipose tissue (p = 0.923). 

Multivariate analysis. Multiple linear regression 
analysis identified confounding factors. With the use 
of endometriosis, adhesions, and control ovulation 
points as independent variables, endometriosis was the 
least significant variable tested (p = 0.33). The pres- 
ence of adhesions did not reach statistical significance 
(p = 0.11) but was retained in the model. When adhe- 
sion score was substituted for adhesions as an inde- 
pendent variable in the analysis, both adhesion score 
(p = 0.04) and control ovulation points (p = 0.0002) 
were positively correlated with the change in ovulation 
points. 

Analysis of variance and covariance with repeated 
measures did not reveal significant differences in the 
change in ovulation points for ovaries with endometrial 
tissue or for ovaries with adipose tissue when adjusted 
for the presence of adhesions. 


Comment 


Studies on the effects of experimental endometriosis 
on infertility have used animals with endometrial au- 
tografts placed throughout the pelvic peritoneum.’* * 
In these studies infertility was associated with failure 
of ovulation; however, postovulatory events and adhe- 
sion formation may have had significant impact. The 
location and size of implants also may have been an 
important variable. Therefore we developed this model 
to investigate the effect of ovarian endometriosis on 
ovulation and to determine the role of adhesions. His- 
tologic study confirmed the success of our model; 23 
of 26 rabbits had viable endometrial and adipose 
implants. | 

In this study the number of ovulation points was 
reduced in ovaries with endometrial implants, com- 
pared with control ovaries. This is consistent with pre- 
vious studies of animals and with recent observations 
of women with endometriosis who were undergoing 









Control 


Experimen ial 
ovulation 





ovulation 

= Tissue implant n points 
Adipose 

Adhesions 16 42+ 0.3 

No adhesions 7 4.7 + 0.6 
Endometrial 

Adhesions 18 46+ 0.3 

No adhesions 5 46+ 04 


points Value* 


0.6 0:009 ope eee 


262+ 

49+ 1.0 0.923: 
2.4 + 0.6 0.008 
24+ 0.9 0.063 





*Control ovulation points vs. experimental ovulation points. 


ovarian stimulation for in vitro fertilization. In one re- 


| p tthe presence of endometriosis was associated with 


a greater frequency of canceled cycles, reduced oocyte 


recovery, and lower pregnancy rates than in patients 
with tubal factor or unexplained inferulity.’ Follicle 
growth rate (as determined by ultrasonography) is also 
delayed during natural or clomiphene citrate—treated 
cycles in women with endometriosis." 

Others have found the effects of endometriosis to 
vary, depending on severity of disease and treat- 
ment. '* Chillik et al. reported their findings in 
women with endometriosis who were undergoing 
in vitro fertilization. Numbers of oocytes recovered in 
-women with mild or moderate disease were similar to 
-findings in women without endometriosis. Women with 
severe or extensive disease, however, had fewer oocytes 
recovered and a lower pregnancy rate per cycle than 
those with mild or moderate endometriosis. Adhesions 
were seen in women with severe or extensive endo- 
metriosis at laparoscopy for oocyte retrieval. However, 
the extent and location of adhesions were not reported, 
which makes a causal relationship difficult to prove. 
This study suggests that endometriosis alone does not 


impair folliculogenesis; however, the severity and lo- 


cation of endometriosis (peritoneal versus ovarian) 
were not addressed. 

In our study univariate analysis indicated that ex- 
perimental ovarian endometriosis alone had an appar- 
ent effect on ovulatory function. Although endometrial 
tissue or adipose tissue was placed randomly, the pres- 
ence and severity of adhesions were not, by design, 
randomized in our study. Therefore multiple linear 
regression analysis was used to determine the relative 
importance of adhesions and endometriosis. Peri- 
ovarian adhesions, not ovarian endometrial tissue, were 
primarily responsible for the reduction in the number 
of ovulation points. This is consistent with the findings 
of Chillik et al. that only women with severe endo- 
metriosis (most of whom had associated adhesions) had 
reduced oocyte recovery. 
© In addition, we found that adhesion severity was pos- 





itively correlated with a reduction in ovulation points. 


Although we used an arbitrarily chosen severity scale, e 


it is identical to a classification scheme used in human 


beings.” Furthermore, with use of a weighted scale 


based on the product of the two factors (density and 


extent), the results were unchanged (data not shown). = 
Abnormal follicular development has also been ob- 
served in women with pelvic adhesive disease who are 


undergoing in vitro fertilization. Mahadevan et al," res. 
ported a reduced number of follicles seen by ultraso- 
nography and fewer oocytes recovered from ovat 
with adhesions. Molloy et al.” pointed out similar fir 
ings in women with and those without endometriosi 
Two recent studies concluded that adhesions do not 














adversely affect ovarian response to gonadotropin stime 


ulation. However, a 20% cycle cancellation rate” and a 
significant reduction in number of oocytes retrieved’! 
were observed when adhesions were present. oe 
Although adhesions were an important factor in our 
study, the number of ovulation points before surgery 


(control ovulation points) was also an important inde- ` 


pendent variable. The magnitude of change in ovula- 
tion points is obviously limited by the size of the control. 
ovulation points. The higher the number of control 
ovulation points is, the larger the change in ovulation ~ 
points can be. This variable is often overlooked and 
must be corrected by matching or by the use of mul- 
tivariate analysis. Because we controlled for confound- 
ing variables, we believe our conclusions are valid. 
Experimental ovarian endometriosis in rabbits is as- 
sociated with aberrant ovulatory function; however, this 
is apparently mediated by periovarian adhesions. In 
this model endometriosis that involves <20% of the 
ovarian volume did not, by itself, reduce the number 
of ovulation points, as determined by multivariate anal- 
ysis. We recognize that there may be other factors that 
we did not explore. For example, different locations 
and greater degrees of endometriosis or implants with 
enhanced biologic activity may be associated with ovu- 
latory dysfunction, even without periovarian adhesions. 
The effect of adhesions and endometriosis on ovar- 














ian function in women is controversial. Most studies 
have evaluated the ovarian response to gonadotropin 
stimulation in women with endometriosis. The use of 
gonadotropin stimulation may override any intrinsic 
ovarian defect and may prove useful in the treatment 
of women with endometriosis. Future studies of ovu- 
latory function in women with endometriosis should 
address the possible differences between natural and 
stimulated cycles. It is important that studies control 
for the presence and extent of adhesions and the de- 
gree and location of endometriosis. Animal studies also 
must control for ovulatory response before induction 
of endometriosis. 

In summary, our experimental model has demon- 
strated that ovarian endometriosis impairs ovulatory 
function. On closer scrutiny, periovarian adhesions are 
primarily responsible for reduced ovulation when en- 
dometriosis affects <20% of the ovarian volume. This 
model of ovarian endometriosis may prove to be qual- 
itatively different from disease throughout the pelvic 
peritoneum. 


We gratefully acknowledge the technical expertise of 
Arturo Moreno and Lornell Barlow-Walden and the 
assistance of Irma Garcia, Elizabeth Juarez, Leticia Or- 
ander, and Gretta Small in the preparation of the 
manuscript. 
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MATERNAL-FETAL MEDICINE OPPORTUNITIES 


Representative sample of our ongoing opportunities nationwide 


CALIFORNIA: Private Practice Partnership 


794 M/F - Outstanding partnership opportunity in central 
California to assist the current perinatologist in developing 
a regional perinatal center and network based at a modern 
450-bed full service community hospital with over 5,000 
deliveries annually. Candidates with a keen interest in 
ultrasound, genetic procedures, UBS, and teaching should 
explore this opportunity. There is a documented service 
area of over two million residents, and you are only one 
hour from Yosemite and a pleasant drive to the Pacific 
Shores. 


COLORADO: Hospital-Based/Private Practice 


772 M/F - A 328-bed premier Denver area hospital is 
seeking a perinatologist to complement their 40 active 
OB/GYN's and full range of obstetrical services. 
Documented service area is over 800,000 with annual 
deliveries of 4,200. Level Ill NICU expanding to 20 beds. 
Coverage provided by other perinatologists with potential 
for formal associations. Amenities include the sophistication 
of a cosmopolitan city, yet minutes away from fantastic 
skiing, mountain climbing and unlimited water sports. 


IDAHO: Hospital-Based/Private Practice 


631 M/F - Opportunity to become the second perinatologist 
in southeastern Idaho, and to affiliate with a 300-bed regional 
medical center (Level lII NICU) which provides a statewide 
perinatal outreach program. Service area entails 400,000 
with over 3,200 annual deliveries. If you enjoy snow skiing, 
hiking, white water rafting, and a quality of lifestyle like no 
other, please inquire. 


OHIO: Faculty Position/Hospital-Based 


831 M/F - A 814-bed regional tertiary care center, in 
conjunction with the Medical College of Ohio, is seeking 
their second perinatologist. This is a salaried faculty 
appointment with the option of flexible private practice 
capability. The position provides an excellent opportunity 
to satisfy your professional academic desires within a 
modern Level Ill women and children’s center, located in 
a stable northwestern Ohio lakeshore community. 


Voluntary Hospitals of America 

e Over 800 hospitals in 45 states 

e Excellent financial and comprehensive benefit 
packages 

e No cost or obligation for our services 





PENNSYLVANIA: Hospital-Based/Faculty Position 


573 M/F - A 726-bed regional referral center is seeking 
their second perinatologist to be Director of Maternal-Fetal 
Medicine to collaborate with the 17 man OB/GYN 
department in the development of a perinatal outreach 
program. This is a fully accredited OB/GYN residency 
program with the Medical College of Pennsylvania. Located 
in a progressive metropolitan area with an abundance of 
educational, cultural, and recreational amenities. 


TENNESSEE: Hospital-Based/Private Practice 


749 M/F - A575-bed regional medical center in conjunction 
with a 122-bed Children’s Hospital (Level Ill NICU) is 
seeking a BE/BC perinatologist. Anew Women’s Pavilion 
will soon be completed with full range of obstetrical services 
provided by a young, progressive obstetrical staff. A 
neonatal transport system is already in place. This is a 
thriving university town in eastern Tennessee with a 
documented service area of over 800,000 residents. 


VIRGINIA: Hospital-Based/Private Practice 


682 M/F - A 387-bed general acute care facility located 
in central Virginia is seeking a Director of Maternal-Fetal 
Medicine to develop a perinatal outreach program for a 9 
county region which would necessitate supervision of 
midwives and some family practice residency teaching. 
Opportunity for a thriving private practice with full support 
staff. Nestled in the Blue Ridge Mountains with easy access 
to beaches or a Washington weekend. 


WEST VIRGINIA: Full-Time Clinical Faculty Position 


635 M/F - Major university town and medical center in 
northeastern West Virginia are seeking a Director of 
Maternal-Fetal Medicine to join their clinical faculty. Service 
area encompasses a population of over 300,000. Recently 
opened 400-bed university hospital with a full range of 
obstetrical services and an OB/GYN residency program. 
This opportunity offers a two-tiered tenured track, excellent 
salary and comprehensive benefit package. This 
dynamically beautiful area offers a quality of lifestyle 
appealing to outdoor enthusiasts. 


For further information, please forward your 
curriculum vitae and/or call 
the toll-free number listed below. 


VHA Physician Placement Services 


Susan Panther 


VHA Physician Placement Specialist 
1-800-626-1857 


VHA. 


VHA PHYSICIAN PLACEMENT SERVICES 


A Joint Venture of VHA Enterprises, Inc. and NKC, Inc. 





Suite 250, Browenton Place » 2000 Warrington Way + Louisville, KY 40222 
Phone (502) 423--9622 + Toll freen numbers: 1-800-626-1857 Ħ In Kentucky 1-800-292-1856 
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Make a clean break 





to 3-day therapy 


Cure vulvovaginal candidiasis 
in just three days’ 


- Broad spectrum of activity 


» Cures infections due to Candida albicans and Candida 
tropicalis within 3 days. 

Documented 3-day efficacy 

» Microbiological cure rates of 95% eight days following 
Femstat” 3-day therapy. 

» Low relapse rates 30 days post therapy. 

> Low incidence of side effects. 


Patented prefilled, disposable applicator 


mamma 


» Disposable to reduce risk 
of reinfection. 


» Prefilled for unit-dose accuracy. 


> Designed for enhanced patient 
compliance. 


"In non-pregnant patients. 
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Still the best choice for efficacy 
and convenience. 
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Femstat Prefill 


BRIEF SUMMARY 


INDICATIONS: FEMSTAT® (butoconazole 
nitrate) vaginal cream 2.0% is indicated 

for local treatment of vulvovaginal mycotic 
infections caused by Candida species. 
Confirm the diagnosis by KOH smears and/ 
or cultures. FEMSTAT can be used with oral 
contraceptives and antibiotics. It is effective 
in non-pregnant women and during the 
second and third trimesters of pregnancy. 


CONTRAINDICATIONS: FEMSTAT is con- 
traindicated in patients hypersensitive to 
any of the ingredients 


PRECAUTIONS: General: If clinical symp- 
toms persist, repeat microbiological tests to 
rule out other pathogens and confirm the 
diagnosis. Discontinue drug if sensitization 
or irritation occurs. 


Information for the Patient: Do not discon- 
tinue prematurely during menstruation or 
because of symptomatic relief 


Carcinogenesis: Animal studies have not 
been done. 


Mutagenesis: Mutagenicity studies were 
negative. 


Impairment of Fertility: Animal studies 
showed no impairment of fertility 


Pregnancy Category C: Adverse effects 
were noted in animals treated with high 
oral doses. No studies were done in women 
during first trimester. Patients in the second 
or third trimester have shown no adverse 
effects attributable to the drug. 


Nursing Mothers: Use with caution. 


Pediatric Use: Safety and efficacy have not 
been established. 


ADVERSE REACTIONS: Vulvar/vaginal burn- 
ing in 2.3% of patients, vulvar itching in 
0.9%, discharge, soreness, swelling, itching 
of fingers each in 0.2%. Complaints caused 
1.6% to discontinue drug. 


DOSAGE AND ADMINISTRATION 
Non-pregnant Patients: The recommended 
dose is one applicatorful of cream (approxi- 
mately 5 grams) intravaginally at bedtime 
for three days. Treatment can be extended 
for an additional three days if necessary. 


Pregnant Patients (second and third trimes- 
ters only): The recommended dose is one 
applicatorful of cream (approximately 5 
grams) intravaginally at bedtime for six days. 


CAUTION: 
Federal law prohibits dispensing without 
prescription. 


SYNTEX LABORATORIES, INC 
PALO ALTO, CA 94304 


2V MEDTECH INTERNATIONAL CORP. 


PRESENTS 
2V STAT Medical Decision Support Software 
Covering 69 Specialties— Algorithms and Text. 


PLUS 


COMPUTER 80286/10 MHz Turbo CPU, 80 
MB HD, EGA Color Monitor, Color Graphic Card, 
40 MB Back-up Drive, and printer. 


$5787 


(for complete system) 


ORDER NOW! 


l «800.228. STAT 
Technical Support Call 1e 4046956% 1855 


2480 Windy Hill Rd., Suite 201 e Marietta, Georgia 30067 
404-956-1855 Telex 551341 MedVideo EasyLink 62779660 











PERSONALIZED 
LIBRARY CASES 


Protect your personal copies of 
AMERICAN JOURNAL OF OBSTETRICS 
AND GYNECOLOGY 


in custom made, titled library cases. 


Constructed of durable, reinforced binder's board 
covered in a rich simulated leather, each is designed to 
hold an entire yeor's issues. The Journal name is 
stamped in gold leaf, making the cases attractive 
additions to any decor, whether on your bookshelf, 
desk or any location in your home or office. 


Only $7.95 each: 3 for $21.95; 6 for $39.95, and $1 
per unit postage and handling ($2.50 per unit outside 
the U.S.A_). U.S. funds only. 


To charge your order using American Express, Visa, 
MasterCard or Diners Club, call toll-free: 
1-800-972-5858. 


Please send me librory cases for 
AMERICAN JOURNAL OF OBSTETRICS 
AND GYNECOLOGY 
at $7.95 each: 3 for $21.95; 6 for $39.95, and $1 per unit 
postage and handling ($2.50 per unit outside the U.S.A.). 


Nome 


Address 
(no PO, bares, please) Jesse Jones industries 
City/State / Zip ——————————— 499 East Erie Avenue 


Philadelphia, PA 19134 
PA residents add 6% sales tax ieee Code: Mosby 
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IN ENDOMETRITIS... 


“GOLD STANDARD” COVERAGE 
HAS ONLY BEEN ACHIEVED 
WHEN ANTIBIOTICS 

HAVE BEEN COMBINED 
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ticarcillin aisodlum/ 
clavulanate potassium 








THE EFFICACY OF “THE CLASSICS” IN 
A NEW TRADITION OF CERTAINTY 


Single-Agent Success Equivalent 
to “Classic” Combination Therapy 


TIMENTIN: CLINDAMYCIN/ 
GENTAMICIN 
CLINICAL RESPONSE* CLINICAL RESPONSE* 


89% 
89% 





(237 of 258: 230 cured; 


(94 of 106: 92 cured; 


7 improved) 2 improved) 
BACTERIOLOGIC BACTERIOLOGIC 
RESPONSE’ RESPONSE’ 





91% 
91% 


(224 of 246 pathogens) 





(636 of 663 pathogens) 


Low incidence (4%) of side effects in clinical trials 
. . . 1 
with 351 gynecologic patients. 
“Clinical response defined as cured or improved. Clinical cure defined as complete 
resolution of all presenting signs and symptoms by the end of therapy; improvement 
defined as substantial diminution in the severity of presenting signs and symptoms 


tBacteriologic response defined as elimination of initial pathogen during therapy and 
for the duration of follow-up or unavailability of culture material 


Single-Agent Efficacy With 
Potent B-Lactamase Destruction 


E 40% to 90% of Bacteroides isolates can produce 
8-lactamases that inactivate penicillins and/or 
cephalosporins?” 


E Up to 60% of B melaninogenicus isolates can 
produce ß-lactamase.* 


E TIMENTIN? is the only I.V. clavulanate antibiotic 
—it destroys B-lactamase with the first and most 
potent B-lactamase destroyer.” 


> Clavulanate potassium 
destroys = most 
B-lactamases produced 

by Gram-positive and 
Gram-negative aerobes 
and anaerobes. 

mÊ TIMENTIN® destroys a 
broad range of bacteria 
regardless of B-lactamase 
production. 





Single-Agent Certainty* 
Against Major Pelvic Pathogens— 
Including Anaerobes 








Cross-Spectrum Confidence 


Percent 
Major Pelvic Pathogens” Susceptible to 
TIMENTIN®'® 


® B bivius (138) 
® B melaninogenicus (54) 
® B fragilis (326) 





Ee 
ek L 
a Ss 
| Peptococcussp(17)_ | 100 
__Peptostreptococcus sp (14) | 100 
® Klebsiella pneumoniae (10) | 90 
® Proteus mirabilis (17) | 100 
| Croup B Streptococci (32) | 100 
| Enterococcus (11) | 100 
® Staphylococcus aureus (15)| 100 


Number in parentheses refers to number of strains tested 
B Potential §-lactamase producer. 
*In vitro activity does not necessarily imply in vivo efficacy 








PLEASE SEE ADJACENT PACE FOR BRIEF SUMMARY OF 
PRESCRIBING INFORMATION 





TIMENTIN 


ICarcillin aisodium/ 


avulanaie 


potassium 


48 HOURS OF CERTAINTY 
IN ACUTE EMPIRIC THERAPY 
FOR GYNECOLOGIC INFECTIONS 





Dosage for 
Gynecologic Infections 


Moderate: 3.1 grams q6h* 


Severe: 3.1 grams q4ht 


(Based on 200° or 300t mg/kg/day given in divided doses ina 
60 kg patient. Please see full prescribing information.) 


Available in 3.1 gram vials 
and piggyback bottles. 











BRIEF SUMMARY OF Pome gee INFORMATION 
TIMENTIN® sterile ti carciliin disodium for Intravenous 
and clavu ulanate potassium Administration 

INDICATIONS AND USAGE: TIMENTIN® is indicated in the treatment 
of infections caused by susceptible strains of the designated 
organisms in the conditions listed below: 

; including bacteremia, caused by B-lactamase producing 
strains of Klebsiella spp.*, E. coli*, Staphylococcus avreus* and 
Pseudomonas aeruginosa’ (and other Pseudomonas species") 

; caused by 6-lactamase producing 
strains of Staph lococcus aureus, Hemophilus influenzae’ and 

Klebsiella spp". fone and Joint tnfeefions. caused by §-lactamase 
producing strains of Staphylococcus aureus 

caused oy -lactamase producing strains of 

Staphylococcus aureus, Klebsiella spp.*, and E. coli * 
infections (complicated and uncomplicated). caused by B-lactamase 
producing strains of E. coli, Klebsiella spp.. Pseudomonas 
aeruginosa* (and other Pseudomonas spp.*), Citrobacter spp.*, 
Enterobacter emer Serratia marcescens", and Staphylococcus 
aureus.* Endometritis caused by B- 
lactamase a g strains of B. melaninogenicus”, Enterobacter 
spp. (including cloacae’), Escherichia coli, Klebsiella 
pneumoniae’, Staphylococcus aureus, and Staphylococcus 
epidermidis. 

While TIMENTIN is indicated only for the conditions listed above, 
infections caused by ticarcillin susceptible organisms are also 
amenable to TIMENTIN treatment due to its ticarcillin content 
Therefore, mixed infections caused by ticarcillin rete gh 
organisms and §-lactamase producing organisms susceptible to 
TIMENTIN should not require the addition of another antibiotic. 
ADVERSE REACTIONS: As with other penicillins, the following 
adverse reactions may occur Hypersensitivity reactions: skin rash, 
pruritus, urticaria, arthralgia, myalgia, drug fever, chills, chest 
discomfort, and anaphylactic reactions. Central nervous system 
headache, giddiness, neuromuscular hyperirritability or convulsive 
seizures. Gastrointestinal disturbances, disturbances o! taste and 
smell, stomatitis, flatulence, nausea, vomiting and diarrhea, 
epigastric pain. Hemic and Lymphatic systems: thrombocytopenia, 
leukopenia, neutropenia, eosinophilia and reduction of hemoglobin 
or hematocrit. Prolongation of prothrombin time and bleeding time 
Abnormalities of hepatic and renal function tests: elevation of serum 
aspartate aminotransterase (SGOT), serum alanine aminotransterase 
SGPT), serum alkaline phosphatase, serum LDH, serum bilirubin 

arely, transient hepatitis and cholestatic jaundice—as with some 
other penicillins and some cephalosporins. Elevation of serum 
creatinine and/or BUN, hypernatremia, Reduction in serum 


potassium and uric acid. Loca/ reactions: pain, burning, swelling and 
induration at the injection site and thrombophiebitis with intravenous 
administration. Overdosage: As with other penicillins, TIMENTIN in 
overdosage has the potential to cause neuromuscular 
hyperirritability or convulsive seizures. Ticarcillin may be removed 
from circulation by hemodialysis, The molecular weight, degree of 
protein binding and pharmacokinetic profile of clavulanic acid 
together with information from a single patient with renal 
insufficiency all suggest that this compound may also be removed 
by hemodialysis. 

CONT RAINDICATIONS: TIMENTIN is contraindicated in patients with 
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PRECAUTIONS: While TIMENTIN possesses the characteristic low 
toxicity of the penicillin group of antibiotics, organ system functions 
should be assessed periodically during therapy. 

Bleeding manifestations have occurred in some patients receiving 
§-lactam antibiotics, These reactions have been associated with 
abnormalities of coagulation tests such as clotting time, platelet 
aggregation and prothrombin time and are more likely to occur in 
paene with renal impairment, If bleeding manifestations appear, 

IMENTIN treatment should be discontinued and appropriate therapy 
instituted 

TIMENTIN has only rarely been reported to cause hypokalemia. 
Periodic monitoring of serum potassium may be advisable in 
patients receiving prolonged therapy 

Pregnancy (Category B): Reproduction studies have been 
performed in rats given doses up to 1050 mg/kg/day and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
TIMENTIN. There are, however, no adequate and well-controlled 
Studies in pregnant women. Because animal reproduction studies 
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are not always predictive of human response, this drug should be 
used during prognan only if clearly needed. 
DOSAGE AND ADMINISTRATION: TIMENTIN should be 
administered by intravenous infusion (30 min.). Usual recommended 
dose for systemic and aoa tract infections for average (60 kg) 
adults is 3.1 Gm TIMENTIN (3.1 Gm vial Contains 3 Gm ticarcillin 
and 100 mg clavulanic acid) given every 4 to 6 hours. For 

necologic infections TIMENTIN should be administered as follows: 

Oderate infections 200 mg/kg/day in divided doses every 6 hours 
and for severe infections 300 mg/kg/day, based on ticarcillin content, 
in divided doses every 4 hours. For patients ae ce less than 60 
kg, the recommended dosage is 200-300 mg ri ay, based on 
ticarcillin content, given in divided doses eve to 6 hours, In 
urinary tract infections, a dosage of 3.2 Gm TIMENTIN (3.2 Gm vial 
containing 3 Gm ticarcillin and 200 mg clavulanic acid) given every 8 
hours is adequate. Please see official package insert for details on 
dosages for other patients, including those with renal insufficiency, 
and directions for use. 
SUPPLIED: 3.1 Gm and 3.2 Gm Standard Vials; 3.1 Gm and 3.2 Gm 
Piggyback Bottles; 31 Gm Pharmacy Bulk Package; 3.1 Gm ADD- 
Vantage® Antibiotic Vial. 

“Efficacy for this organism in this organ s 
fewer than 10 infections. 7548/G-BS ©1 
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Progesterone antagonist (RU 486) for cervical dilation, labor 
induction, and delivery in monkeys: Effectiveness in 


combination with oxytocin 


Jean Philippe Wolf, MD, Michael Sinosich, PhD," Ted L. Anderson, PhD, 
_ Andre Ulmann, MD,» Etienne E. Baulieu, MD, and Gary D. Hodgen, PhD* 


Norfolk, Virginia, and Paris, France 


A progesterone antagonist (RU 486), combined with oxytocin, was efective in achieving cervical dilation, 
labor induction, and early delivery in near-term monkeys. Effects of RU 486 included accelerated flow of 
colostrum and transiently enhanced weight gain in infants. No overt toxicity on fetuses, mothers, or 
newborns was detected with the use of a single oral dose of 25 mg. ‘Am J OssteT GYNECOL 1989;160:45-7.) 


Key words: Progesterone antagonist, RU 486, cervical dilation, labor induction, oxytocin, 


breast milk 


The advent of the potent progesterone -antagonist 
RU 486 has stimulated considerable interest to examine 
its potential for gynecologic and obstetric indications. 
Among such applications are management problems 
common to labor and delivery, i in which progesterone 
plays a principal role in the physiology of advanced 
pregnancy.'? On the basis of our previous studies eval- 
uating dose, interval, and route of administration in 
our primate model,’ we examined whether RU 486 may 
be useful alone or with oxytocin in effecting cervical 
dilation, myometrial contractility, and delivery. 

In our pilot studies, we noticed overt milk flow before 
the onset of labor when RU 486 was administered to 
near-term pregnant monkeys. Thus we examined al- 
terations in breast milk production and composition 
after RU 486 treatment. In addition, we examined what 
impact such alterations might have on neonatal nutri- 
tion as measured by infant growth rates. 


Material and methods 


Pregnant cynomolgus monkeys (Macaca fascicularis), 
weighing 4.1 to 6.2 kg, were divided randomly into four 
groups: (1) untreated controls (n = 11); (2) RU 486 
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Body Weight (grams) 





Age (weeks) 


Fig. 1. Comparison of infant monkey weight gain from birth 
to 6 weeks of age between the control group (open squares, 
n = 10) and after use of RU 486 with or without oxytocin 
(closed squares, n = 30) for cervical dilation and labor induction 
(Asterisk * indicates significant differences [analysis of vari- 
ance], p < 0.05). 


alone (n = 19), (3) oxytocin alone (n = 7); and (4) RU 
486 plus oxytocin (n = 14). 

A single oral dose of RU 486 (25 mg) was adminis- 
tered at 6:00 pm on day 160 of pregnancy. (term = 
167 + 3.3 days). Cervical dilation and labor induction 
were assessed by either visual inspection or manual pal- 
pation after 12 hours and repeated if delivery had not 
occurred within 24 hours. Oxytocin (20 U, intrave- 
nously) was given either alone or 12 hours after RU 
486 administration, with subsequent assessment of cer- 
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Table I. Effects of RU 486 alone and in combination with 
and delivery in monkeys 












Cervical 
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oxytocin on cervical dilation, labor induction, 


Delivery within 48 hrt 





Intensity of 





Monkey groups dilation* contractions inducedt 
Control ll = = l ] 
RU 486 19 (15) + (2) 2 2 
Oxytocin 7 z +) I l 
RU 486 with oxytocin 14 + +(11) + +(13) 128 1 Ł|l 
* Cervical dilation: — = <0.5 cm; + = 0.5 to 1.0 cm; and + + = >1.0 cm (number of monkeys in parentheses). 
+Rhythmic myometrial contractions typical of spontaneous labor and delivery: — =-none detected; + = mild contractions, 


not sufficient for delivery; + + = powerful contractions needed to accomplish natural delivery (number of monkeys in paren- 


theses). 


If vaginal delivery was not accomplished within 48 hours, cesarean section was performed, controls excepted. 


§ Delivery: day 162.5 + 1.5 vs day 167.3 + 2.4 (p < 0.05). 
One retained placenta. 


vical and myometrial status within 15 minutes. Except 
in the control group, cesarean section was performed 
if delivery had not occurred within 48 hours after the 
initial treatment. All infants were weighed at birth and 
weekly through 6 weeks of age. Differences were dis- 
tinguished with one-way analysis of variance. 

Breast milk was expressed manually and collected 
before, during, and after treatment with RU 486 or 
oxytocin; we assessed the relative abundance of im- 
munoglobulins, which are characteristic of colostrum 
milk, using two-dimensional immunoelectrophoresis." 


Results 


Table I illustrates that RU 486 was effective in pro- 
moting cervical dilation by simultaneously shortening 
and softening the cervix. However, such treatment did 
not reliably induce the uterine contractions necessary 
for successful parturition. Oxytocin administered alone 
was ineffective at achieving delivery. However, vaginal 
delivery was realized within 4 hours (16 hours after 
initial RU 486 administration) in nine of 14 cases when 
oxytocin followed RU 486. In 12 of 14 cases, vaginal 
delivery was achieved within 36 hours after oxytocin 
(48 hours after initial RU 486 treatment). 

Among all treatment groups, 48 of 49 fetuses deliv- 
ered alive were thriving at 6 weeks of age. One died of 
unknown causes after 23 days (RU 486 plus oxytocin 
treatment), whereas there were two stillbirths (one con- 
trol and one RU 486 treatment). 

Immunoglobulins were detected in normal colos- 
trum milk from control females 1 day after sponta- 
neous delivery. Interestingly, RU 486 treatment (with 
or without oxytocin) uniformly resulted in precocious 
appearance of colostrum immunoglobulins in breast 
milk within 12 hours of initial treatment, even before 
the onset of labor. Babies nursing from mothers treated 
with RU 486 demonstrated transient but significant 
(p < 0.05) increased weight gains compared with in- 


fants in the control group during the initial 3 weeks of 
neonatal life (Fig. 1); thereafter, no differences were 
apparent among groups. 


Comment 


Whereas progesterone exerts an array of fundamen- 
tal physiologic actions in advanced pregnancy, admin- 
istration of RU 486 to near-term pregnant monkeys 
appears to manifest differential effects on cervical “rip- 
ening,” myometrial contractility, and milk produc- 
tion/composition before and after delivery. Although 
as much as 25 mg/kg of RU 486 administered intra- 
muscularly in our pilot studies induced abruptio pla- 
centae, no overt toxicity on fetuses, mothers, or new- 
borns was detected at the oral dose applied here. 

Since infant growth rates were transiently accelerated 
among mothers given RU 486 and colostrum produc- 
tion and globulin composition were accelerated in preg- 
nant monkeys soon afier RU 486 treatment, we spec- 
ulate that antagonism of progesterone may have tran- 
siently amplified nutritive milk constituents, including 
protein, lipids, and saccharides. Evidence has been pre- 
sented that withdrawal of progesterone is a requisite 
“trigger” to initiate lactogenesis in rats,’ although there 
appears to be no subsequent correlation between pro- 
gesterone levels and breast milk once lactogenesis has 
been established.* Data presented here suggest that a 
similar relationship between progestin action and lac- 
tation may also exist in primates. | 

Although RU 486 reliably precipitated cervical di- 
lation within 12 hours, it was not effective alone in labor 
induction and delivery, nor was oxytocin administered 
alone effective in this model. However, administration 
of oxytocin after RU 486 had achieved opening and 
softening of the cervix advanced delivery by 4.8 + 2.1 
days (p < 0.05). Since control females and those re- 
ceiving RU 486 alone or in conjunction with oxytocin 
were similarly examined by manual and visual inspec- 
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tion, labor induction was not a function of tactile 
stimuli. 

These data indicate that RU 486 may be a useful 
adjunct to oxytocin for labor induction. Whereas these 
findings require cautious interpretation because of lim- 
ited observations, we believe progesterone antagonists 
deserve continued study as adjunctive agents in peri- 
natal management. 


We thank Lynn Sharpe and Janice Hammond for 
their excellent technical contributions, Martha Forres- 
ter for assistance in preparation of graphic materials, 
and Dara Leary for typing and editorial assistance. 


REFERENCES 


1. Hodgen GD, Dufau ML, Catt KJ, Tullner WW. Estrogens, 
progesterone and chorionic gonadotropin in pregnant rhe- 
sus monkeys. Endccrinology 1972;91:896. 


RU 486 for cervical dilation and labor induction 


2. Hodgen GD, Stouffer RL, Barber DL, Nixon WE. Serum 
estradiol and progesterone during pregnancy and the sta- 
tus of the corpus luteum at delivery in cynomolgus mon- 
keys (Macaca fascicularis). Steroids 1977;30:295. 

3. Wolf JP, Chillik CF, Itskovitz J, etal. Transplacental passage 
of a progesterone antagonist in monkeys. AM J OBSTET 
GYNECOL 1988;159:238. 

4. Sinosich MJ, Teisner B, Davey M. Grudzinskas JG. 
Pregnancy-associated plasma protein-A: interaction with 
heparin in crossed affinity immunoelectrophoresis. Aust 
NZ J Med 1981;11:429: 

5. Kuhn NJ. Progesterone withdrawal as the lactogenic trig- 
ger in the rat. J Endocrinol 1969;44:39. 

6. Herrenkoh! LR. The effects of lactation of progesterone 
injections administered during late pregnancy in the rat. 
Proc Soc Exp Biol Med 1971;138:39. 





Vascular catecholamine sensitivity during pregnancy in 


the ewe 
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Four pregnant and four castrated ewes were chronically instrumented for the measurement of external iliac 
blood flow to test the hypothesis that pregnancy alters a-adrenergic sensitivity in a major regional 
circulation. Complete dose-response curves were generated to methoxamine, phenylephrine, and 
norepinephrine. Pregnancy was associated with no change in methoxamine sensitivity, an increase in 
phenylephrine sensitivity, and a decrease in norepinephrine sensitivity. These differential changes in drug 
sensitivity suggest (1) the a,-receptor population is functionally similar between the two groups of animals, 
(2) uptake 1 is inhibited, and (3) either catechol-O-methyltransferase activity is increased or the œ,- or 
8-receptor population changes in this circulation during pregnancy. These data illustrate the complexity of 
the change in the adrenergic system during pregnancy. (Am J OssteT GYNECOL 1989;160:47-53.) 


Key words: Sheep, circulation, catecholamines, skeletal muscle, norepinephrine, 


phenylephrine, methoxamine 


It is well recognized that marked changes occur in 
vascular reactivity in women with pregnancy-induced 
hypertension or preeclampsia even before they dem- 
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onstrate other symptoms of the disease.’ This gen- 
erated interest in the characterization of reactivity 
changes during normal and hypertensive pregnancies. 
The majority of these studies focused on the vascular 
reactivity to angiotensin II. There is a clear attenuation 
in the vascular response to the pressor effects of an- 
giotensin II during normal pregnancy in several species 
including human beings.’ 

Changes that occur in response to adrenergic stim- 
ulation during pregnancy are far less clear. This study 
is an extension of earlier work in which we examined 
the vascular reactivity to a single adrenergic agent, 
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Fig. 1. Representative example of external iliac blood flow 
response to single injection of norepinephrine (1 * 107° 
mol/L/kg). Arrow indicates point of injection. 


phenylephrine, in the circulation to the hind limb of 
pregnant sheep in both an acute and a chronic prep- 
aration.** The circulation to the hind limb was chosen 
for investigation because it involves primarily blood 
flow to the skeletal muscle, which is a major resistance 
circulation and therefore an important determinant of 
blood pressure. We reported an apparent increase in 
vascular sensitivity to phenylephrine in both prepara- 
tions, which suggests an increase in vascular sensitivity 
to a-adrenergic stimulation during pregnancy. 

In this study our methods were refined to more pre- 
cisely characterize sensitivity differences to adrenergic 
agonists. This was accomplished by obtaining a com- 
plete range of dose responses to any particular stimulus 
with the use of hind limb blood flow as the measured 
end point. Doses were calculated with perfused tissue 
weight, which corrects for differences in total body 
weight between the pregnant and nonpregnant ani- 
mals. In addition, we examined three adrenergic ag- 
onists to better quantify the adrenergic changes that 
occur in this circulation during pregnancy. These drugs 
were chosen because of their different receptor affin- 
ities and routes of metabolism. Our intention was first 
to define adrenergic sensitivity changes in this circu- 
lation, then to use the relative responses to each of 
these drugs to determine which potential mechanisms 
would warrant further studies to explain any observed 
changes. 


Material and methods 


Animal model. Four pregnant and mixed-breed ewes 
and four ewes whose ovaries had been removed were 
used in this study. The pregnant animals had singleton 
fetuses with a mean gestational age of 122 + 5 days. 

After a 24-hour fast, lidocaine spinal anesthesia (1.5 
mg/kg) was administered to all animals. This was aug- 
mented with pentobarbital sodium (5 to 10 mg/kg ini- 
tial dose, supplemented as needed with | to 2 mg/kg). 
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Table I. Baseline parameter (mean + SD) 


Nonpregnant Pregnant 
(n = 4) (n = 4) 
Body weight (kg) 52+ 8 45 +4 
Limb weight (kg) 3.42 + 0.27 2.68 + 0.28* 
Limb flow (ml/kg) 87 + 16 125 + 38* 
Perfusion pressure (mm Hg) 77 +5 68 + IF 


Limb resistance (peripheral 0.92 + 0.22 0.59 + 0.1* 


resistance units X 1000) 


*b < 0.05. 
tp < 0.01. 


Standard, aseptic surgical techniques were used to place 
catheters in the external iliac artery and vein through 
their saphenous branches. A third arterial catheter was 
inserted into the circumflex artery and it was advanced 
so the tip just entered the external iliac artery. The 
mammary artery was ligated on one side and an elec- 
tromagnetic flow transducer (Dienco, Inc., Los Angeles, 
Calif.) was placed on the corresponding external iliac 
artery proximal to the circumflex artery catheter. A 
midline laparotomy was performed on both groups of 
animals; ovaries of the nonpregnant ewes were re- 
moved through that incision. 

This instrumentation permitted continual monitor- 
ing of the blood flow and perfusion pressure to the 
hind limb. The position of the circumflex artery cath- 
eter allowed for the administration of a drug directly 
into the arterial circulation to the hind limb. This min- 
imized the systemic effects of the drug and enabled us 
to obtain complete dose-response relationships. At the 
conclusion of the study, an overdose of pentobarbital 
sodium was administered to each animal and the hind 
limbs were removed and weighed. This weight was used 
to correct both the flow rate and the drug dosage per 
gram of perfused tissue. 

Study design. All animals were allowed to recover 
for at least 9 days before study. During this period they 
underwent daily training with the monitoring cart. 

Each animal received three adrenergic agonists. Only 
one drug dose-response curve was generated during 
each experiment. Each animal was allowed to recover 
at least 1 day before the next dose-response curve was 
obtained. The daily order of drug administration was 
randomized to minimize time-related effects. After a 
30-minute control period, dose-response curves were 
generated to either norepinephrine bitartrate (Lev- 
ophed, Winthrop-Breon Laboratories, New York, 
N.Y.), phenylephrine hydrochloride (Neo-Synephrine, 
Winthrop-Breon), or methoaxmine (Burroughs Well- 
come). Drugs were administered as bolus injections that 
ranged from 100 to 590 pl and preceded a 1 to 2 ml 
flush with Plasmalyte-A (Travenol Labs, Deerfield, IIl.). 
Between eight and 12 randomized doses were given at 
least 10 minutes apart in each study. The drug-induced 
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Fig. 2. Dose-response relationship to norepinephrine. Data are mean + SD. Dose is expressed as 
molar concentration per kilogram of perfused hind limb weight. Closed circles represent EC 10, EC 
50, and EC 90 for nonpregnant ewes, and open circles represent pregnant ewes. SD for EC 50 from 


pregnant ewe is smaller than size of symbol. 


Table II. Doses eliciting 10%, 50%, and 90% of maximum response 





Nonpregnant (n = 4) 






Norepinephrine 2.5 x 1 1 x 10°* 
Phenplephrine 5 x 10° 6 x 10°* 
Methoxamine 1.4 x 10° 1.5 x 107 


*p < 0.01 (nonpregnant versus pregnant). 


response lasted an average of 1 to 2 minutes. Control 
injections of diluent and flush solution were performed 
on each study day. All drugs were diluted in normal 
saline solution and kept on ice until needed. 

Data analysis. These experiments were specifically 
designed to generate a complete dose-response curve 
to drug administration. The measured response vari- 
able was the external iliac blood flow. These data are 
expressed as the ratio of the peak change in flow rate 
to the baseline flow rate X 100. The baseline flow rate 


was measured for the 15 seconds just before injection. . 


Therefore a maximum response (100%) was achieved 
when the flow fell to zero. At least six responses were 
obtained per study in which the flow rate change 
ranged from 10% to 90%. The dose-response rela- 
tionships obtained were standard logarithmic dose- 
response curves. These data were transformed to a 
straight line by means of the Hill equation. The EC 10, 
EC 50, and EC 90 were calculated from this line. These 


Pregnant (n = 4) 


3.6 x 108 4.5 x 10 5.9 x 10° 1.7 x 10° 
9 x 10° 3.6 x 10” 2x 10° 1.1 x 10° 
1.6 x 10° 7.3 x 108 4.5 x 10° 28 x 10° 


represent the doses that resulted in a 10%, 50%, and 
90% response, respectively. The ° for the data from 
each individual animal’s dose-response curve to any one 
drug had to be 20.8 to be included in the final analysis. 
Values of effective dose-response curves were com- 
pared within and between groups with two-way analysis 
of variance. Baseline parameters were compared by 
means of the unpaired Student ¢ test. 

Biophysical measurements. External iliac blood flow 
was measured with a Dienco flow transducer and flow- 
meter. Arterial and venous blood pressures were mon- 
itored with Ailtech (Electromedics, Inc., Englewood, 
Colo.) pressure transducers. Heart rate was derived 
from the pulse pressure waveform by use of a Gould 
Biotach amplifier. These measurements were recorded 
on a rectilinear recorder (Gould Instruments, Cleve- 
land, Ohio). 

The flow transducers were calibrated periodically 
in vivo on the carotid artery. The blood pressure trans- 
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Fig. 3. Dose-response relationship to phenylephrine. Data are mean + SD. Dose is expressed as 
molar concentration per kilogram of perfused hind limb weight. Closed circles represent EC 10, EC 
50 and EC 90 for nonpregnant ewes and open circles represent pregnant ewes. SD for EC 90 from 


pregnant ewes is smaller than size of symbol. 


ducers were checked monthly against a mercury ma- 
nometer. 


Results 


Baseline parameters. The mean body weight, exter- 
nal iliac blood flow, baseline perfusion pressure, and 
calculated hind limb vascular resistance for the two 
groups of ewes are listed in Table I. The flow and 
pressure rate parameters were obtained by calculation 
of the average values of the last 15 minutes of each 
control period for each drug study for each animal. 
There was no significant difference in body weight be- 
tween the two groups. The hind limbs of the pregnant 
group were significantly lighter than those of the non- 
pregnant animals. This was expected because these an- 
imals were smaller than the control group, as indicated 
by their not being significantly heavier by this stage of 
gestation. The perfusion pressure in the pregnant an- 
imals was significantly lower than in the nonpregnant 
animals and the external iliac blood flow was signifi- 
cantly increased with a resultant decrease in hind limb 
vascular resistance. 

Dose response to norepinephrine. Fig. 1 shows an 
example of a typical tracing from a bolus injection of 
an adrenergic agonist. The peak response time was 
similar among drugs and groups and ranged from 10 
to 15 seconds. The rate of recovery from a single in- 
jection was drug dependent and was not specifically 
characterized in this protocol. 


The dose-response relationship between the change 
in blood flow (expressed as a percentage of a maximum 
constriction) and the dose of norepinephrine is shown 
in (Fig. 2). In this and all subsequent figures, the circles 
represent the EC 10, EC 50, and EC 90, respectively. 
Numerical values for each of these points for each drug 
are summarized in Table II. The dose-response curves 
for norepinephrine were significantly different from 
one another, with the EC 50 for norepinephrine almost 
six times greater in the pregnant ewes. This indicates 
a decrease in sensitivity to the vasoconstrictor effects of 
norepinephrine in this group of animals. 

Dose response to phenylephrine. Illustrated in Fig. 
3 is the dose-response relationship to phenylephrine in 
both groups of animals. With this drug there is a sig- 
nificant 2.5-fold decrease in the EC 50 in the pregnant 
ewes, which indicates an increase in sensitivity to this 
adrenergic agonist during pregnancy. 

Dose response to methoxamine. The dose-response 
relationship to methoxamine is shown in Fig. 4. There 
were no significant differences in this relationship be- 
tween the two groups of ewes. 


Comment 


In this study pregnancy is associated with no change 
in hind limb vascular reactivity to methoxamine, a sig- 
nificant increase in sensitivity to phenylephrine, and a 
decrease in sensitivity to norepinephrine. These ap- 
parently contradictory data can best be explained by 
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drug receptor affinities and their relative affinities for 
their routes of disposal. The vascular response to the 
exogenous administration of these drugs will be deter- 
mined by both the amount of drug available to the 
adrenergic receptors and the characteristics of that re- 
ceptor population.’ There are two major mechanisms 
that determine the drug concentration at the receptor.® 
The first involves the uptake of norepinephrine (or 
other agonist) into the neuron by a carrier- -mediated 
process present in the nerve membrane at the neuro- 
muscular junction. Norepinephrine i is then metabolized 
within the neuron by moénamine oxidase. This is termed 
uptake l and is stereospecific. This process is a major 
contributor to the termination of norepinephrine ef- 
fects after sympathetic nerve stimulation. The second 
removal mechanism is extraneuronal aid is termed up- 
take 2. This is thought to involve a postjunctional car- 
rier mechanism and is associated with the degradative 
enzyme, catechol-O-methyltransferase. This extraneu- 
ronal removal process is considered more critical to the 
removal of agonists that reach the smooth muscle 
through the lumen of the blood vessel. The importance 
of these mechanisms for removal of an adrenergic ag- 
onist from its site of action is dependent on both the 
affinity of any particular agonist to the carrier mech- 
anism and whether the agonist is a substrate for the 
enzyme. It is possible for an agonist to be taken up by 
the uptake process but not be degraded by the enzyme. 
The reverse situation, in which an agonist is a substrate 


for the enzyme but not the. carrier mechanism, can 
occur. In this study drugs were chosen for their dif- 
ferent receptor and uptake affinities to obtain the base- 
line data necessary to develop hypotheses regarding the 
mechanism that may be involved in any observed sen- 
sitivity changes. 

Methoxamine is a postjunctional a,- adrenergic ago- 
nist. It is not a substrate for uptake | and has a very 
low affinity for uptake 2.’ The similar responses to 
methoxamine between the two groups indicate the 
a,-receptor population is functionally similar between 
the pregriant and the ovariectomized ewes. Phenyleph- 
rine is removed by uptake 1 but is not a substrate for 
catechol- -O-methyltransfer ase. Because it, too, is pri- 
marily an agonist for a,-receptors, the increase in sen- 
sitivity to phenylephrine stimulation suggests that dur- 
ing pregnancy it is not removed as readily from the 
receptor site (a decrease in uptake 1 activity). This re- 
mairs to be proved, especially because reuptake 2 is 
considered the more important mechanism for the re- 
moval of exogenously administered adrenergic ago- 


_ nists. However, we have data from more direct in vitro 


studies of rat resistance-size mesenteric arteries that 
show uptake 1 activity increases during gestation 
(McLaughlin MK, Crandall ME: Unpublished data). 
The responsé to norepinephrine is the most inter- 
esting because this is the endogenous sympathetic neu- 
rotransmitter. It can be removed from the receptor site 
by both reuptake mechanisms. In addition, it binds to 
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both aœ,- and a -receptors as well as the B-receptors. 
Therefore the response to its administration is depen- 
dent not only on the metabolism of the catecholamine 
but also on the ratio of the various subclasses of ad- 
renergic receptors.” ° The reduced responsiveness to 
norepinephrine could possibly be explained by either 
an increase in the metabolism of norepinephrine 
through reuptake 2 and catechol- O-methyltransferase. 
Alternatively, there. could be a shift in the ratio of either 
the B- or the a,-receptor population relative to the a- 
receptors, which would modify the vascoconstrictor 
response. | | 

There is, an additional concern about the interpre- 
tation of our data with regard to the differences that 
exist in baseline blood flow and vascular resistance be- 
tween the pregnant and nonpregnant ewes. It is dif- 
ficult to predict what effect the differences in baseline 
vascular resistance will have on vasoconstrictor re- 
sponses to- adrenergic agonists. This problem consti- 
tutes its own area of research. Myers and Honig’ did a 
fairly comprehensive analysis of the effect of initial re- 
sistances on both vasodilator and vasoconstrictor re- 
sponses. There was a predictive influence of initial re- 
sistance on vasodilator responses in the dog hind limb 
and isolated gracilis muscle preparation. Vasoconstric- 
tor responses were related to the initial resistance in an 
isolated gracilis muscle preparation but not in the.hind 
limb preparation. In our study the dose-response re- 
lationships were shifted to the right of control for one 
agonist and to the left of control for another, which 
suggests the direction of change is a real change, despite 
the potential influence of the difference in baseline 
resistance. . - 

_ Data in the literature with regard to changes in ad- 
renergic sensitivity during pregnancy are confusing. In 
earlier studies, pressor responses: to epinephrine dur- 
ing pregnancy were reported to be either ihe se 
or reduced in human beings® !° and reduced ‘in rats.’ 
Norepinephrine pressor activity was studied in human 
beings in several ways with reports of increases, 
decreases, or no change in sensitivity during preg- 
nancy." !*!3 Part of the difficulty in the assessment of 
catecholamine sensitivity in some of these studies is the 
use of the pressor response as an end point for the 
measurement of reactivity changes. This is well illus- 
trated by a report" that dealt with the pressor response 
to norepinephrine in human pregnancy in which both 
blood pressure and cardiac output were examined in 
response to a norepinephrine infusion. There was no 
difference in the pressor résponse to norepinephrine 
between the pregnant and nonpregnant women. In the 
nonpregnant control group, the pressor response to 
norepinephrine was due to a systemic vasoconstriction 
(increase in systemic vascular resistance). However, in 
the pregnant women the increase in blood pressure was 
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due to increased cardiac output with no change in sys- 
temic vascular resistance. The interpretation. of these 
data is that the pregnant women’s arterial circulation 
is significantly less sensitive to the vasoconstrictor ef- 
fects of norepinephrine. A similar study was performed 
in pregnant and nonpregnant sheep with both phen-. 
ylephrine and norepinephrine.’ The investigators 
found a greater pressor response to both agonists in 
the nonpregnant animals. The discrepancy between 
these data and the study reported here regarding the 
phenylephrine response may be because in this study 
only one particular regional circulation was examined. 
Data from the hamster cheek pouch preparation’® il- 
lustrate potential differences in vascular reactivity to 
norepinephrine in regional circulations. This circula- 
tion was observed to be more sensitive to the vasocon- 
strictor effects of norepinephrine during. pregnancy. 
This emphasizes the point that the vascular reactivity 
to any agonist is a very complex phenomenon. 
There is a good deal of evidence that supports the 
idea that catecholamine metabolism is altered during 
pregnancy, but most studies have been confined to re- 
gions other than the vasculature. For example, preg- 
nancy is known to markedly alter catecholamine me- 


` tabolism in the reproductive tract. There is a loss of 


neuronal stores in the vasomotor netves that supply the 
uterine vasculature in several species,” but there is little 
comparable information for the peripheral vasculature. 
In a series of studies in various body organs in the rat, 
Parvez et al. determined that pregnancy was associ- 
ated with a decrease in the enzyme activities of 
monoamine oxidase and catechol-O-methyltransferase. 
Again, this has not been measured in peripheral vas- 
culature, but a reduction in monoamine oxidase activity 
could explain the potentiated response to phenyleph- 
rine in our study. | 

There is some indirect evidence from a study in the 
rat with regard to catecholamine metabolism in the 
peripheral vasculature during pregnancy. The inves- 
tigators observed no difference in norepinephrine con- 
tent and accumulation in the rat superior mesenteric 
artery and tail artery during pregnancy. In addition, 
blocking reuptake I with cocaine did not result ina 
differential effect in the tissue’s response to norepi- 
nephrine between thé two groups of animals, either 
when exogenously applied or when released by trans- 
mural nerve stimulation. This indicated that under 
these study conditions there was no difference in this 
route of metabolism in these arteries between the non- 
pregnant and pregnant rats. These vessels were not 
resistance size because it is difficult to do such studies 
in smaller vessels. Therefore it remains to be deter- 
mined whether the resistance vasculature responds in 
a similar fashion during pregnancy in both this and 
other species. 
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In summary, there 1s a definite reduction in vascular 
sensitivity to norepinephrine in the skeletal circulation 
of the pregnant sheep. The results obtained with meth- 
oxamine and phenylephrine suggest that the response 
to o,-receptor stimulation is not affected by pregnancy. 
Whether the reduction in sensitivity to norepinephri ine 
is due to changes in œs- or B-adrenergic receptors, cat- 
echolamine metabolism, or other modifying influences 
is under investigation in our laboratory. 
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Clinical Opinion 


Avoiding the fixed period and Thanatos syndrome: Obstetrics 


past, present, and future 


Harold Schulman, MD 
Mineola, New York 


The obstetrics medical specialty is in transition as it confronts numerous challenges and cvitics. An 
analysis of the issues involved in the past, present, and future and how these challenges are met is 


presented. (Am J OssteT GYNECOL 1989;160:54- 8.) 


It is not difficult to sense the uneasiness that prac- 
ticing obstetricians feel as they go about their daily tasks 
in attempts to care for women. This specialty, which 
once attracted students because it represented a happy 
branch of medicine, is beseiged on all sides by chal- 
lenges, critics, and predators. 

_ The predators are easy to identify. They are insur- 
ance companies and lawyers who are having a fiscal 
feast over our mistakes, nature's imperfections, and our 
government's failure to provide adequate services for 
children who are handicapped. Only the government 
can resolve this legalized pilferage. It is also quite clear 
that scientific validity cannot be resolved by a lay jury. 

How we respond to the challenges and the critics is 
within our control, and it is with reference to these 
issues that I will offer an analysis. Such a dissertation 
is obviously influenced by one’s personal interests and 
environment. For me that represents a combination of 
some of the following ingredients: a hobby of reading 
medical journals and literature about medicine; a cą- 
reer that allowed me to experience the agony and ec- 
stasy of full-time academic medicine and now to work 
in the pragmatic world of private-practice medicine in 
the community; and, finally, participation in commit- 
tees in our dynamic parent organization, the American 
College of Obstetricians and Gynecologists. My love of 
literature constantly reminds me how others haye the 
gift of clarity and vision in the use of words. Thus in 
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this presentation I hope to enhance my thoughts and 
yours with the words of those who have said it better 
in other ways. 


The wonderful past 


Obstetrics has a history that is both heroic and ro- 
mantic. I wonder how much of this vision influenced 
us in the choice of our careers? Here are a couple of 
examples of those good old days. 

Hans Zinsser described a country doctor named 
Kerr, whom he accompanied on an emergency case in 
the early years of this century. “It was a woman, a farm 
hand’s wife, who was having her first baby. She had 
developed eclampsia seven months along, and the child 


had died. She was having convulsions. The problem 


was to deliver the dead baby from a uterus with 
an undistended cervix, and the mother dangerously 
toxic. ... The place was a picture of abject poverty. The 
husband a pathetic little bandy-legged, redheaded fel- 
low in torn overalls, was waiting at the door, anxious 
and silent. The kitchen was a mess from his efforts at 
housekeeping. In’ the next room, the woman, half- 
conscious, her bloated face twitching, lay on a dirty bed, 
on a mattress without sheets under an old quilt half 
kicked off, leaving her almost naked. While I stood 
looking at her with frightened sympathy, Dr. Kerr un- 
packed his bag. Without asking me to do anything, he 
filled a wash boiler with hot water from a kettle, added 
a little Lysol, and put in his forceps to boil. Then he 
took off his coat, rolled up his sleeves, filled a basin, 
and began to soap and Lysol his hands. Not until he 
was doing this did he speak. Then he began to give me 
directions. In a few minutes I was cleaning up the pa- 
tient, spreading clean towels under her, preparing a 
chloroform cone and jumping at his words as though 
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in Dr. Craigin’s clinic. With no essential help from me, 
he performed as neat a cervical dilation and forceps 
delivery as I had ever seen. When after the long ar- 
duous task, with everything complete as possible, he 
began to clean up, he didn’t even thank me. He took 
it for granted that, being a doctor and being in the 
neighborhood, I was on call. It was his only compliment, 
except for a friendly smile.”* 

Or perhaps you would like to envision, as did Alan 
Guttmacher, that you are Ambroise Paré in 1549 called 
to help Marguerite dePuis in her hour of danger. “In 
the lying-in chamber he at once became master of the 
situation assuring Marguerite that her pain would soon 
be over. He placed her athwart the bed, raising her 
back with a bolster so that she was half lying, half sit- 
ting. He instructed her to bend her knees and to draw 
her heels close to her body. She was bound in this po- 
sition with a broad linen bandage, the bandage was 
hung about her neck and crossed over her chest and 
made to encompass her feet, legs, and thighs. Maitre 
Paré applied it so tightly that she was unable to move. 
To reinforce this vise in which she was held, the by- 
standers firmly grasped her legs and shoulders. Her 
privy parts and thighs were covered with a warm dark 
cloth, that neither air nor wind might enter the womb, 
and that the operation might be done with more de- 
cency. Paré noted the mask of terror which disfigured 
Marguerites’s face and once more assured her that all 
would end well. They then laid her head upon a bolster 
and put a cloth over her eyes. He took off his two rings, 
the one with the famous thirty-ecu diamond given him 
by Monsieur d’Estampes, and the other the seal of Mon- 
sieur de Rohana, under whose banner he had cam- 
paigned in lower Brittany. He crossed himself and with- 
out further preliminaries rolled up the sleeves of his 
doublet and anointed well his bare arms and hands with 
oil. Further, he lifted the modesty cloth and poured 
much oil into the birth-passage to make it slippery. He 
inserted his hand to determine the form and situation 
of the child. Immediately he encountered the intact bag 
of waters which he broke between two fingernails, kept 
especially long and sharpened for this purpose. A dark, 
turbid fluid gushed forth, and all who watched knew 
by that sign that the babe would be lost unless delivery 
could be speedily effected. He pushed up the head 
which presented and dexterously turned the child 
in the womb so that it came feet foremost. Despite 
the imprisoning bandages Marguerite struggled and 
writhed in agony. She was bathed in cold sweat. He 
brought forth one foot and a little above the heel tied 
a silk band indifferently tight. He then returned this 
foot into the womb, leaving the loose end of the band 


*Excerpts from Zinsser H. As I remembered him. In: 
Cousins N, ed. The physician in literature. Philadelphia: WB 
Saunders, 1982:22. 
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protruding, and maneuvered to bring down the second 
foot. When he accomplished this, he pulled on the band 
attached to the first foot and it too came forth. He 
grasped both feet close together and, pulling on them, 
delivered the buttocks and genitals of a male child. A 
murmur of excitement ran through the room, and Re- 
née went now to tell the men that for some woman as 
yet unconceived a lover was being born. By this time 
all the women kin had crowded into the small room to 
be present at this miraculous and brand new operation, 
for just within the month Paré with his friend Hery, 
had published their ‘Briefve collection de ]’administra- 
tion anatomique’ which contained a chapter on the 
method of extracting an infant from the belly of the 
mother when nature was not able to bring it forth.”* 


The present 


Our present dilemmas have been expressed elo- 
quently by Erica Jong, Saul Bellow, and William Auden. 
They present the views of a feminist, a romanticist, and 
finally a pragmatist. 

Erica Jong’s “Fanny” has a difficult and prolonged 
labor. Because she was impregnated by a lord, she had 
the benefit of the obstetric services of Dr. William Smel- 
lie. The time was the 1750s and the writing style was 
Victorian. “How many Hours I labour’d I cannot say. 
Dim figures came and went in Chamber’s Gloom. Su- 
sannah’s (the maid) anxious Face loom’d above my own; 
Susannah’s gentle Hands mopp’d my fever’d Brow. Dr. 
Smellie strode in and out from Time to Time, thrust 
his Hands ’neath the Sheet, prob’d me roughly, grunted 
unintelligible Words, and strode out again. Susannah 
sat beside me, now holding my Hand, now placing her 
Hand ‘neath my Back to ease the Pain, now encour- 
aging me, now mutt’ring that she would give the Doctor 
but one Hour more. When ’twas already past Midnight 
(or so I gather’d from the Doctor’s Consternation), 
Smellie examin’d me again, declar’d that the Babe was 
obstinate and would not turn its Head, and withdrew 
to fetch his instruments... and now I cried out in ter- 
ror lest the Secret Instruments be the dread Extracting 
Hooks that spell’d the Death of my Unborn Babe. I felt 
at once like a Prisoner of the Inquisition .. . this other 
Force of cold Metal insinuated itself into my very Bow- 
els, jabbing, and twisting; twas groping, it seem’d for 
the Head of the Babe, that refus’d, in its Obstinacy, to 
turn. I faith Smellie seemed to be in a Battle with the 
Unborn Babe, angry that it did not yield to his Secret 
Implements, for he mutter’d and snarl’d ‘neath his 
Breath e’en as he probed me, and he curst the Babe 
that would make a Mockery of all his reputation and 
make him a Liar in his Predictions that ’twould be born 

*Excerpt from Guttmacher, AF. Ambroise Pare does a de- 


livery. Great adventures in medicine. Rapport S, Wright H, 
eds. New York: Dial, 1952:128. 
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ere Midnight... at least he withdrew the Metal In- 
strument of Torture..., secreted it ‘neath his calico 
Gown, wip’d one huge Hand across his resolute Brow, 
and said: ‘I fear I can no longer spare the Babe.’ Fanny 
refused and threw Dr. Smellie out from her chamber 
despite his protestations that she would surely die if 
she did not allow him to ply his wares. Susannah then 
brought in a Midwife. “The Babe’s Head,’ said the Mid- 
wife, ‘is lockt within the Bony Pelvis, yet ’tis too high, 
I fear for Dr. Smellies’ dread Extractor to be of any 
Use whate’er. Alas, how Men love their Machines better 
than Life itself!’ The Midwife was kind, gentle, and 
administered salves and analgesic potions. Nevertheless 
the baby did not come. ‘I’ll try one last Expedient, the 
Midwife said, ‘although the Risque is great. And the 
Risque of Discovery of it is greater still—for should 
any Person learn of this, and if our Fanny doth survive, 
we three shall surely be call’d Witches.’ The “last ex- 
pedient” was a cesarean section. “But what was that 
stitching going on below? The Midwife held a Taylor’s 
Needle o’er a Candle, perhaps to staunch my Blood or 
cauterise my Wounds, and with finest, whitest Silk 
stitch’h my Belly back together.”* We would have to 
assume that the Midwife knew that it was also necessary 
to close the uterus, a discovery not made until more 
than 100 years later. Jong was expressing quite vividly 
the feminist viewpoint of some of our attitudes and 
practices. 

W. H. Auden was the son of a physician and wrote 
this poem in memoriam to his doctor: 


Begotten by one, 

I should know better. “Healing.” 
Papa would tell me, “is not a Science 
but the intuitive art 

of wooing Nature.” 


Yourself a victim 

of medical engineers 
and their arrogance, 
when they atom-bombed 
your ill pituitary 

and overkilled it.t 


Auden pleads for a return to romanticism and away 
from the misuse of technology. 

Few writers can match Saul Bellow in analyzing life 
and its many options. He does this in excruciating, fas- 
cinating detail. In Mr. Sammiler’s Planet he talks of Elya, 
the physician, and his dilemmas. “Elya was a physician 
and a businessman. With his own family, to his credit 


*Excerpts from Jong E. The true story of the adventures 
of Fanny Hackabout-Jones. New York: New American Library, 
1980:295-6. 

+Excerpts from Auden, WH. The art of healing. In: Cousins 


N, ed. The physician in literature. Philadelphia: WB Saunders, 
1982:27. 
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he had not been businesslike. Nevertheless, he had the 
business outlook. And business, in business America, 
was also a training system for souls. The fear of being 
unbusinesslike was very great. As he was dying Elya 
might conceivably draw strength from doing business. 
He had in fact done that. He kept talking to Widick. 
And Sammler had nothing with a business flavor to 
offer him. But at the very end business would not do 
for Elya. Some, many, would go on with business to the 
last breath, but Elya was not like that, not so limited. 
Elya was not finally ruled by business considerations. 
He was not in that insect and mechanical state— 
such a surrender, such an insect disaster for human 
beings... . He could easily afford this car, but none of 
the life that went with it. No Broadway musicals, no 
private jet. His one glamorous eccentricity was to fly to 
Israel on short notice and stroll into the King David 
Hotel without baggage, his hands in his pockets. That 
struck him as a sporting thing to do. Of course, thought 
Sammler, Elya was also peculiar; surgery was psychi- 
cally peculiar. To enter an unconscious body with a 
knife? To take out organs, sew in the flesh, splash 
blood?”* Bellow’s message was that as physicians we 
have a unique gift from society to probe and intrude 
upon other people's bodies, but too many of us succumb 
to the world of business. 


The future 


A number of responses have been proposed to meet 
the challenges we face. One, which could be described 
as a return to romanticism, is that of the movement 
described as humanism. According to this concept, we 
physicians are in difficulty because we lack the human 
qualities of compassion and understanding and are not 
good listeners. I believe these qualities are developed 
in the home at an early age, and medical school is hardly 
the place to initiate these values; nor should recruit- 
ment be limited to persons with only these qualities. 
Besides, this is neither the problem nor the solution. 
An adverse outcome results in litigation regardless of 
humanistic qualities. 

Another traditional proposal is recertification. Ex- 
amination has been the pedagogist mechanism of en- 
suring that students acquire an adequate informational 
base. This is a flawed solution, although it may please 
the public and some government officials. It has been 
demonstrated that there seems to be a rapid dissemi- 
nation of information when it is of practical impor- 
tance, but more subtle points are frequently lost or 
never learned. For example, how many physicians are 
not aware of the implications of the diethylstilbestrol 
syndrome, but in contrast how many know how to di- 


*Excerpts from Bellow S. Mr. Sammler’s planet. In: Cousins 
N, ed. The physician in literature. Philadelphia: WB Saunders, 
1982:185. 
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Fig. 1. Proposed menu format for physician desktop computer for use at office, hospital, or home. 


agnose toxoplasmosis in pregnancy? Examinations will 
not solve this discrepancy because the physician needs 
help when the problem arises in the office or hospital. 
There is a clear need for a readily available, accountable 
information resource. 

Another major problem is our pattern of the pro- 
vision of obstetric care. It is seriously flawed and is 
responsible for several major issues. One is malpractice 
litigation and another is our embarrassing cesarean sec- 
tion rate. I believe both of these areas are fueled by 
our training limitations and practice patterns. After 
completion of a residency, a physician is not qualified 
to have unlimited privileges in obstetrics. The philo- 
sophic weakness in our training programs persuades 
the physician to carry out cesarean deliveries when 
faced with situations in which there has been incom- 
plete training, such as multiple pregnancies, breech 
presentations, forceps deliveries, preeclampsia, and 
postmature pregnancies with low Bishop scores. The 
system fails because physicians believe they have the 
freedom to make these decisions. It is essential that all 
physicians be taught that consultation should be obtained 
in all problem cases. During a residency we never man- 
age a problem case by ourselves; however, after grad- 
uation many function alone and thereby deprive 
women of the most experienced medical judgment. 
Solo decisions are often calored by emotional factors 
rather than by scientific data. 

For example, it has been clear for a long time that it 
is safe to undergo labor when there has been a previous 
cesarean delivery; yet most obstetricians still recom- 
mend repeat cesarean sections. The scientific data are 
beyond dispute. Tae group that undergoes labor has 
less morbidity and fewer blood transfusions, briefer 
hospital stays and convalesence, and happier psyches. 


One explanation for the practice of repeat cesarean 
delivery may be found in the basic psychology of risk 
assessment.’ For example, when queried, most Amer- 
icans believe a nuclear accident poses a greater danger 
to life than the automobile. The uncertainty and horror 
of a nuclear explosion outweighs our knowledge that 
fatal automobile accidents occur daily. Similarly, does 
the uncertainty of catastrophic uterine rupture out- 
weigh our knowledge of the morbidity and mortality 
of cesarean section? If we have the freedom to 
make choices they should be made with scientific 
data, not psychologic perception. We must learn the 
science behind clinical judgment. This incorporates sta- 
<istical prediction, and Bayesian decision theory and 
analysis.” ° 

Significant improvement in medical care will occur 
when the physician offers the patient a thorough eval- 
uation of her problem. This means the acquisition of 
a data base that comprises a complete review of his- 
torical facts and a physical examination. On the basis 
of these criteria, the laboratory is used to help refine 
or confirm our clinical impressions. An essential ingre- 
dient in this process is that the woman should receive 
a printed authoritative explanation of her options and 
of why specific steps are taken. Who has the time to do 
this? And how can one keep the process current? 

The American College of Obstetricians and Gyne- 
cologists is actively working to provide the resources 
and the directions in which we must go. Committees 
provide statements, manuals, and bulletins that advise 
us about minimal standards of care. Physicians and law- 
yers have complained that these standards get them 
into trouble. The standards are not the problem; it is 
the lack of awareness of what the standards state. A 
new committee, of which I am a member, is addressing 
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this problem. It is called Integrated Academic Infor- 
mation Medical Systems. An active effort is being made 
to devise a computer-based system designed to assist 
the physician at the time of the encounter with the 
woman and to provide the necessary resources. 

My vision of this system is as follows. Every 6 months 
to l year each physician will receive through a computer 
disk or a national electronic network an update of all 
obstetrics-related information that is necessary for the 
most accountable delivery of medical care. A computer 
will sit on the physician’s desk. It will have a menu. In 
current technology it could look something like that 
shown in Fig. 1. If the historical data base has a positive 
check for a history of herpes genitalis, the physician will 
consider various information options to be accessed 
from the menu. As a minimum the physician will print 
the basic diagnostic requirements, laboratory confir- 
mations, treatment options, and a profile that informs 
the patient of all of this information and the prognosis. 
This management approach will solve numerous prob- 
lems. The physician will be assured of doing the right 
thing. His staff will ensure that the proper laboratory 
workup is accomplished. The woman will receive an 
authorative source of information in addition to the 
physician’s personal interpretation. This could lead to 
a return to the desired relationship with the perception 
of the physician, not the media, as the best source of 
information. 

Osler’s farewell address at Johns Hopkins University 
in 1905 was titled “The Fixed Period.”' He reminded 
the audience of “the comparative uselessness of men 
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above 40 years of age.” In other. words, they make few 
dramatic contributions to society and, more dangerous 
yet, there are “many evils which they perpetuate un- 
consciously and with impunity.” Osler even suggested 
chloroform as a possible solution. In other words, as 
we get older we tend to reject new ideas and become 
rather smug about what we think we know. 

Walker Percy, another eminent physician-writer, tl- 
tled his most recent novel The Thanatos Syndrome.’ The 
title is derived from the Greek philosophical concept 
of a death wish or desire for self-destruction. Percy 
ponders the temptation of our immensely powerful sci- 
ence and technology and struggles to define our au- 
tonomy, accountability, and spirituality. Failure to meet 
the present challenges surely will lead to the profes- 
sion’s decline. I believe we can avoid the “fixed period” 
and the Thanatos syndrome by recognizing our limi- 
tations, beginning to function in a more collegial 
manner, and urging our leaders to develop resource 
material for information retrieval to ensure that each 
encounter with our patients will be positive. 
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Surrogacy and Shakespeare: The Merchant’s contract revisited 


John La Puma, MD, David L. Schiedermayer, MD, and John Grover, MD 
Park Ridge, Illinois, and Milwaukee, Wisconsin 


Despite measures intended to assure that adequate information, reasonable understanding, and willing 
participation are involved in surrogacy contracts, questions of economic coercion remain for surrogate 
mothers. Surrogate contracts have been voided in several states. Nevertheless, obstetricians may be 
caught between their wish to help the infertile couple desirous of a baby through surrogacy and the ethical 
and legal questions about the use of surrogacy as a medical treatment. Obstetricians should not be placed 
in the position of Portia in The Merchant of Venice, that of an arbiter of an unethical contract. Obstetricians 


should not prescribe or acknowledge surrogacy as a medical treatment and should not knowingly 
participate in contracts that lead to surrogate pregnancy. (AM J OpsTeET GYNECOL 1989; 


160:59-62.) 
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Portta—A pound of that same merchant’s flesh is 
thine: 
The court awards it, and the law doth 
give it... 
Tarry a little; there is something else. 
This bond doth give thee here no jot of 
blood, — 
The words expressly are, “a pound of flesh’” 
Take then thy bord, take thou thy pound of 
flesh; 
But in the cutting it, if thou dost shed 
One drop of. . . blood, thy lands and goods 
Are by the law of Venice, confiscate 
Shylock—Is that the law?* 
In The Merchant of Venice the young seaman Antonio 
needs a loan of 3000 ducatsł so desperately that he 
agrees to pay the merchant Shylock “an equal pound 
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*Excerpt from William J. Shakespeare, The Merchant of Ven- 
ice, Act IV, Scene 1. 


tThe exact value of a ducat is difficult to estimate; see Fred- 
eric C. Lane, “The first infidetities of the Venetian lire,” in 
The Medieval City, Harry Miskimin, David Herlihy, A. L. Udo- 
vitch, eds. New Haven, Connecticut, 1977:58-62. Ten ducats 
equaled one lire di grossi, and according to Guido Ruggiero 
in “The Status of Physicians and Surgeons in Renaissance 
Venice,” Journal of History and Medicine, April 1981:169-84, ten 
lire di grossi was a moderately high income, and one could 
support eight adults extravagantly, including living expenses 
for excellent food, clething, and services, for six months for 
a little more than 13 lire di grossi. Thus a loan of 3000 ducats 
would be 300 lire di grossi, analogous to $300,000 today. 


of his fair flesh.” When Shylock seeks what is due, the 
Duke’s court is uncomfortable with the arrangement 
and calls in a wise physician, impersonated by Portia, 
to reevaluate the contract. 

Within the past two years, surrogate motherhood 
arrangements have raised similar discomfort and 
have undergone similar scrutiny, with courts in both 
Michigan and New Jersey ruling that the arrange- 
ments are invalid and unenforceable.' Several au- 
thors of surrogate motherhood analyses have discussed 
the societal and legislative problems created by the new 
reproductive technologies, and have focused on the 
legal duties incurred by those who enter contractual 
agreements.*° In this article we address the ethical 
problems of surrogacy contracts by reconsidering the 
contract in The Merchant of Venice as an example of an 
unethical, untenable contract. 


The nature of the modern merchant’s contract 


Surrogate motherhood is a misnomer, as the surro- 
gate mother is the baby’s biologic mother—surrogate 
mothers actually act as surrogate spouses.® The ar- 
rangements usually involve a young woman, often a 
lower-middle-class mother with several children,’ who 
agrees to bear a child for an infertile couple in ex- 
change for a $10,000 fee and expenses. Money is paid 
through a broker, who receives a commission from the 
couple. 

If the surrogate has a miscarriage or terminates the 
pregnancy and does not deliver a child, only part of 
the fee is paid. This arrangement led New Jersey Chief 
Justice Robert Wilenz to write, “This is the sale of a 
child, or, at the very least, the sale of a mother’s right 
to her child, the only mitigating factor being that one 
of the purchasers is the biologic father.”® In surrogacy, 
as in the Merchant’s contract, options to buy out the 
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contract have not been included. In The Merchant of 
Venice, Antonio’s friend offers to repay the loan three 
times over, but the Merchant refuses. . 
The commercialization of living human tissue is ex- 
plicit in the surrogacy contract and the Merchant's con- 
tract; both the baby and the pound of flesh are for sale. 
Both surrogacy and the Merchant’s contract promise 
to deliver a life; for the infertile couple it is the sur- 
rogate’s new baby, and for the Merchant it is a pound 
of flésh, meant to be Antonio’s heart. The modern sur- 
rogacy contract promises the medical creation and sale 
of a baby’s life. Can a biologic mother give informed 
consent to such an arrangement? p 


Informed consent and the Merchant's contract 

In clinical practice it is the everyday process of in- 
formed consent to therapy, ideally an accommodation 
between patient and physician based on trust,’ that safe- 
guards the patient. | 
_ Is the process of informed consent applicable in the 
modern contract of. surrogacy? In surrogacy, the 
physician-patient accommodation that normally would 
have existed in prenatal care is supplanted by a buyer- 
broker-seller contract; the relationship between buyer, 
broker, and seller does not, and should not, include a 
physician. The informed consent process for the bio- 
logic mother is replaced by a brokered business agree- 
ment. In surrogacy, the infertile couple who seeks the 
contract does so of their own free will, with presumed 
comprehension of the potential ‘financial risks and 
medical benefits. The surrogate mother can under- 
stand her potential financial benefits, but because this 
is primarily a financial, not a medical contract, the clin- 
ical practice of informed consent is strained beyond 
recognition. | | 

Many persons, notably Judge Sorkow in the lower 
court Baby M decision, point out that surrogate moth- 
ers enter the contract “with their eyes open.” In The 
Merchant of Venice, Antonio, also with his eyes wide 
open, contracts with Shylock for a large loan at ex- 
traordinary personal risk. Ordinarily we would say two 
individuals can make business contracts as they wish. 
But, as Portia points out, contracts that involve the sale 
of flesh and blood have a medical component; this was 
a business ‘contract, drawn up by a businessman, that 
had direct medical consequences. ' | 

Surrogacy is a nonmedical problem that has lured 
medicine into its business arrangements. Constructed 
outside a medical realm, the Merchant’s contract was 
medically unenforceable: No physician could have sep- 
arated a pound of flesh, particularly a person’s heart, 
from its blood components. Scrutinizing the Merchant's 
contract, Portia says: 
Portta—Have by some surgeon, Shylock, on your 

charge, ` 
To stop his wounds, lest he do bleed to death. 
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Shylock—Is it so nominated in the bond? 
Portia—It is not so express’d’ but what of that 
Twere good you do so much for charity. 
Shylock-I cannot find it; ’tis not in the bond. 
The letter of the law and medical ethics 


Did the New Jersey lower court decision that vali- 
dated the contract in the Baby M case reflect the spirit 
or the letter of the law? Physicians have professional 
responsibilities that extend beyond the letter of the law. 
Society asks that physicians maintain respect for indi- 
vidual autonomy in a unique way because of our ad- 
vanced experience and commitment to healing. It is a 
medical professional responsibility to look beyond the 
piece of paper on which a surrogate contract is written 
to the principals who are and the principles that will 
be involved. As the New Jersey Supreme Court found, 
the fact that a contract can be written for the Sterns 
and Mary Beth Whitehead does not mean it should be 
written. Shylock’s code of ethics lay in what was on the 
printed page; for him, it was right if it had been written, 
signed, and notarized. . 

The judicial trend to rule surrogate contracts invalid 
seems to support the contention that these are the 
kinds of business contracts that ought not be made, 
even in a free market society. In The Merchant of Venice, 
the Duke’s Court recognized that, although a good 
businessman, Shylock was not a physician. His was a 
merchant’s contract, made without the moral con- 
strdints that physicians have when treating patients. 
In surrogacy, obstetricians are unwitting middlemen: 
if baby brokers could perform surrogacy without the 
cooperation of obstetricians, it is our guess that many 
would. . 


Are there any medical indications for surrogacy? 


The goals of medical treatment are diverse and not 
mutually exclusive. Some of these are to relieve symp- 
toms, to do no harm to a patient in the course of care, 
to restore health, to restore or maintain function, to 
educate and counsel patients about their condition, to 
protect the public health, to prevent disease, and to 
cure disease.'' Whereas curative treatment of a curable 
illness may be ideal, many medical conditions cannot 
be cured. These conditions can often be palliated, and 
palliation can be equally valid, desirable, and more 
readily accomplishable than cure for patients who have 
incurable conditions. | 

The goals of medical treatment, as we have outlined 
them, are patient-oriented. If surrogacy can legiti- 
mately accomplish any of these goals, then, despite our 
arguments, it may still be indicated as a medical treat- 
ment. Can surrogate motherhood relieve symptoms? 
Possibly, if the infertile couple’s anguish is assuaged. 
Can it do no harm to a patient in the course of care? 
Hardly. The official opinion of the ethics committee of 
the American Fertility Society is that “a surrogate 
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mother may be subjecting herself to too many physical 
and psychological risks.... She faces the potential 
physical risks of pregnancy and childbirth without re- 
ceipt of what seems to be a commensurate benefit.””” 
Can it restore health or function? If surrogacy can re- 
store a feeling of health or restore fertility to the sur- 
rogate, only then can it be considered therapeutic. 

In addition to the absence of indications for surro- 
gacy, there appears to be at least one strong medical 
contraindication. Because the potential medical risks 
(pregnancy) all accrue to one party and the potential 
medical benefits (relief of infertility) to another, sur- 
rogacy may be considered contraindicated, even for the 
palliation of infertility. It should be acknowledged that 
economic benefits (and medical risks) may accrue to the 
surrogate mother as they did to Antonio in The Merchant 
of Venice. But this analysis is not simply a balance be- 
tween benefit and risk. If it were only that the medical 


benefit was small relative to the medical risk, then sur- . 


rogacy would be simply a potentially risky therapy per- 
formed for a legitimate medical reason. No such bal- 
ance between benefit and risk can be struck here. They 
cannot be weighed on the same scale or for the same 
patient. 

If the disease is infertility, hes surrogacy bypasses 
the disease state. Surrogacy is a technical medical circuit 
around infertility and is neither curative nor palliative. 
Unblockage of fallopian tubes or enhancement of 
sperm production might cure the disease; anxiolytics 
and counseling might relieve the asšociated symptoms; 
adoption would allow the infertile couple to be parents. 
Surrogacy arrangements do not restore function and 
do not educate patients about their condition. Surro- 
gacy arrangements neither protect the public health 
nor prevent disease. Surrogacy cannot be considered 
to be a legitimate treatment modality, and the surrogacy 
contract has the potential for harm without benefit. 


Withholding or withdrawing surrogacy and 
“medical treatment” 


Examination of the possibility of withholding sur- 
rogacy reveals the impropriety of surrogacy as a med- 
ical treatment. Is it possible to speak of withholding 
babies, like withholding medical treatment? Should sur- 
rogacy be a right or a privilege? Should equal access to 
surrogacy be assured for all infertile couples, and even 
for those with forms fruste of the disease (i.e., able to 
have only one child or able to have only handicapped 
children)? Who should determine the indications and 
contraindications for the withdrawal of therapy in a 
surrogate mother? If she smokes, uses drugs, or is phys- 
ically abused, or if the couple cannot afford to support 
a child, should the baby be returned to its surrogate 
(biologic) mother? And who is responsible in the event 
of maternal complications or death? 

If surrogacy were considered a medical treatment, 
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withholding the option of surrogate motherhood from 
infertile couples would have to be carefully docu- 
mented in the medical record. The language of fore- 
going treatment and the sensible clinical grounds that 
underscore it seem out of place in this discussion of 
surrogate motherhood and suggest the underlying ir- 
rationality of withholding and withdrawing surrogacy. 
To mistakenly call surrogacy medical treatment and to 
place obstetricians in a position that requires them to 
decide whether to withhold, withdraw, or offer it is 
co misinterpret the goals’ of medical treatment. As 
Callahan” has put it, “Medicine becomes not just a way 
of curing or controlling disease, but . . . a way of trying 
to cure or control the problems of life.” We believe 
there is no such thing as withholding or withdrawing 
surrogacy; it is antithetical to and incongruous with the 
concept of withholding or withdrawing treatment. 


Comment 


To meet the standard of care, medical consultants 
must have a certain amount of technical knowledge and 
familiarity with law." The ethical standards for a busi- 
ness consultant require knowledge of the product and 
an honest representation of its value.” Businessmen, 
however, are not necessarily consumer advocates; in- 
deed, the message of the consumer movement of the 
past 25 years is caveat emptor—buyer beware. On the 
other hand, physicians should be patient advocates. 
Pellegrino” has written that “the nonproprietary char- 
acter of medical knowledge and the oath of fidelity to 
the patient’s interests generate strong moral obliga- 
tions” for the physician. 

A merchant who arranges a contract between a sur- 
rogate mother and an infertile couple may feel no such 
moral obligations, even though his contract may place 
the surrogate mother’s health at risk. The American 
College of Obstetricians and Gynecologists (ACOG) has 
expressed its reservations about surrogacy in a 1983 
policy statement, currently under reconsideration, 
which says in part: “The physician may justifiably de- 
cline to participate in surrogate motherhood arrange- 
ments.” The policy leaves the decision to participate as 
“an individual one, for each physician to make” (Amer- 
ican College of Obstetrics and Gynecology Statement 
of Policy. Ethical issues in surrogate motherhood. Ap- 
proved May 1983, ACOG Executive Board). The phy- 
sician’s obligation is to care for or to refer the already 
pregnant woman. 

We would go one step further than the ACOG. The 
physician should decline to participate in contracts lead- 
ing to surrogate pregnancy. Physicians may justifiably 
decline to participate in the care of a surrogate mother, 
if they provide appropriate referral. No one ought to 
be able to purchase a baby or “a pound of flesh.” Ob- 
stetricians should stay out of the middle of surrogacy 
contracts lest they find themselves, like Portia, trying 
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to negotiate a bloodless delivery, free of complications. 
The lesson of Shakespeare’s The Merchant of Venice 
revisited is that obstetricians should refuse to consent 
to be involved in surrogate motherhood contracts in 
any way. 


We are grateful to Jim Wind, PhD, of the Park 
Ridge (Illinois) Center and Carol Hasenyager, MD, 
of the Medical College of Wisconsin for insightful 
contributions. 
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Thyrotoxicosis complicating pregnancy 


Lowell E. Davis, MD, Michael J. Lucas, MD, Gary D. V. Hankins, MD, 
Micki L. Roark, RN, and F. Gary Cunningham, MD 


Dallas, Texas 


During the 12-year period from 1974 through 1985, nearly 120,000 women were delivered of infants at 
Parkland Hospital, and pregnancy was complicated by overt thyrotoxicosis in 60 of them (1:2000). Initial 
treatment was based on clinical assessment, and propylthiouracil was usually given in doses of 300 to 800 
mg daily. In compliant women seen by midpregnancy, euthyroidism was achieved by a mean of 8 weeks; 
however, the daily dose was decreased to <150 mg by delivery in only 10%. Metabolic status at delivery 
correlated directly with pregnancy outcome, and women treated earlier in pregnancy were more likely to be 
euthyroid at delivery and to have good outcomes. Diagnosis of thyrotoxicosis antecedent to pregnancy 
was associated with earlier treatment, and 80% of 28 such women were euthyroid by delivery. Conversely, 
32 women with a first diagnosis during pregnancy had the preponderance of morbidity, including five of six 


stillbirths and six of seven cases of heart failure. This group was chavacterized by a relative delay in 
gestational age at diagnosis. Preterm delivery, perinatal mortality, and maternal heart failure were more 
common in women who remained thyrotoxic despite treatment and in those who were never treated. 
Although we infrequently achieved maintenance doses recommended by most, because there were 
minimal adverse effects from therapy described here and because uncontrolled thyrotoxicosis caused 
significant maternal and perinatal morbidity, aggressive medical therapy seems appropriate, especially 
when pregnancy is advanced. (Am J OBsTET GYNECOL 1989;160:63-70.) 


Key words: Thyrotoxicosis, pregnancy, stillbirth, heart failure 


Hyperthyroidism may complicate up to 0.2% of preg- 
nancies, and if uncontrolled it may lead to thyrotoxic 
crisis, preterm labor, or fetal death.' Medical therapy 
is preferable at least during pregnancy; however, 
thioamides are associated with transient goiter or hy- 
pothyroidism in as many as 5% of infants.* > Because 
of this, Burrow! recommends that propylthiouracil dos- 
age not exceed 150 mg daily in late pregnancy. Al- 
though thyrotoxicosis complicating pregnancy seems 
well described, three of our observations were at vari- 
ance with other reports. First, dosages of propylthio- 
uracil, both initially and for maintenance, usually ex- 
ceeded most recommendations. Second, despite these 
seemingly large doses, serious neonatal consequences 
from propylthiouracil seemed uncommon. Third, we 
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encountered an inordinate number of women who de- 
veloped heart failure. Our purpose is to describe 60 
pregnancies complicated by thyrotoxicosis, identify risk 
factors and adverse outcomes, and provide information 
regarding reasonable therapeutic expectations. 


Material and methods 


Since 1974, one of us (F. G. C.) has directed the 
management of women at Parkland Memorial Hospital 
whose pregnancies were complicated by thyrotoxi- 
cosis. These are now described, except that women with 
a diagnosis before pregnancy who were euthyroid 
throughout gestation were excluded. Hyperthyroid- 
ism, presumably Graves’ disease, was diagnosed clini- 
cally with laboratory confirmation. Findings included 
tachycardia with no response to vagal stimulation, pe- 
ripheral tremor, and hyperreflexia accompanied by dif- 
fuse thyromegaly and in some cases Graves’ ophthal- 
mopathy or dermopathy. Thyroid-specific antibody as- 
says were not available for the majority of patients. No 
clinically diagnosed case of toxic nodular goiter or in- 
flammatory thyroiditis is included. 
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Table I. Thyroid metabolic status at delivery and pregnancy outcome 








Treated, 
euthyroid 
(n = 36) 


Thyroxine (g/dl) 13.8 + 0.8 
Free thyroxine index 9.4 + 0.6. 
Pulse rate * ag k5 
Preeclampsia l 2 

Gestational age at de- 38.6 + 0.5 


livery (wk) 
Pregnancy weight gain 
<20 Ib 
Heart failure l 
Neonatal outcome 
Thyrotoxicosis 
Hypothyroidism 
Goiter 
Birth weight (gm) 
Abortions 
Stillbirths 


8/33 (24%) 


0 

l 

l 
2905 + 97 

0 

0 












U ntreated, 
thyrotoxtc 
(n = 8) 


Treated, 
thyrotoxtc 
(n = 16) 








20.8 + 2* 23.6 + 1.8% 
16 + 1.6* 27.6 + 3.47 
110 + 2.9* 127 + 7.87 
-3 2 
38.8 + 1.1 33.1 + 1.5* 
8/12 (66%) — 
1 5 
1 0 
0 0 
0 0 
9664 + 155 9141 + ]64* 
0 l 
2 4 


s o o a U SS 


*p < 0.05, as compared with euthyroid group. 


tp < 0.05, as compared with euthyroid or partial therapy group. 


Laboratory confirmation of thyrotoxicosis was made 
by serum total thyroxine and triiodothyronine levels, 
triiodothyronine resin uptake ratio, and free thyroxine 
index. Total thyroxine and triiodothyronine resin up- 
take ratio were determined by radioimmunoassay with 
a commercially available kit (Travenol Genetech Di- 
agnostic Laboratories, Cambridge, Mass., or Diagnostic 


Products Corporation, Dallas). The normal range for- 


thyroxine for nonpregnant individuals is 4.5 to 11.5 
g/dl with an interassay SD of 1.1 at a level of 17 
g/dl. Normal values for the triiodothyronine resin 
uptake ratio were 0.8 to 1.2, with an SD of 0.1 ata level 
of 1.5. The total triiodothyronine level was measured 
with a commercially available kit (Wien Laboratories 
before 1977, Diagnostic Products Corporation after 
1977), and the normal range was 75 to 235 ng/dl with 
an interassay SD of 26 at 476 ng/dl. Neonatal thyroid 
function tests were performed in the same laboratory 
at Parkland Hospital. 

Propylthiouracil treatment was initiated on the basis 
of clinical estimation of toxicity, and doses ranged from 
300 to 800 mg/day. The severity of symptoms (tremor, 
heat intolerance, irritability, insomnia, palpitations) and 
the resting pulse were the primary criteria used for 
propylthiouracil dosage initiation and adjustment, be- 
cause chemical thyroid function tests were not imme- 
diately available at each presentation. While many 
women were managed as outpatients, those with severe 
disease characterized by extreme nervousness, resting 
tachycardia of >120 beats/min, or suspected noncom- 
pliance were admitted for initiation of medical man- 
agement. After treatment was begun, follow-up was 
scheduled at least twice monthly and medication was 
adjusted to maintain the resting pulse <100 beats/min. 


Chemical tests of thyroid function were repeated fre- 
quently to assess response to therapy and to avoid drug- 
induced hypothyroidism. 

For women with life-threatening thyrotoxicosis, es- 
pecially if labor was imminent or if heart failure was 
identified, treatment included a 1000 mg oral loading 
dose of propylthiouracil given together with 1000 mg 
of potassium iodide, intravenously or orally. These 
drugs were then continued in large doses until stability 
was maintained. Propranolol was given when rate- 
related heart failure was suspected. 

All information was obtained by chart review. The 
60 cases reported were identified after review of a pro- 
spective list of > 130 women identified as having a preg- 
nancy complicated by thyroid disease. In most of the 
70 excluded, Graves’ disease was in remission or med- 
ical control had been achieved before pregnancy. Neo- 
natal information was obtained from the discharge 
summary routinely included in the maternal record 
and, when possible, the neonatal record. In most cases 
neonatal thyroxine screening was performed, but these 
results were quantified only if they were abnormal. 
Thus quantitative analysis of neonatal thyroxine levels 
was not possible. Follow-up beyond the newborn period 
was not possible because after discharge most infants 
were seen in community pediatric clinics that have 
record systems that are not linked with Parkland 
Hospital. 


Results 


During the 12-year study period, nearly 116,800 
women were delivered at Parkland Hospital. In 60 of 
these pregnancy was complicated by maternal thyro- 
toxicosis (prevalence 0.05%), and the diagnosis was 
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Table II. Clinical data from 7 pregnant women with thyrotoxicosis and heart failure 






Patient no. 





Precipitating event 
Hematocrit 
(beats min) | FTI Infection (%) Hypertension 


I (27 yr old, 156 37 Septic abor- 19 Yes 







Treatment Clinical course 


PTU, iodide, digitalis, Heart failure associ- 


black tion; temp. (140/90 mm Hg) furosemide ated with sepsis; 
para 2) 40°C 500 gm stillborn 
infant 
2 (28 yr old, 140 25 None 32 Yes PTU, iodide, furose- Severe preeclampsia; 
black, (170/120 mm Hg) mide, digitalis, peripartum heart 
para 1) propranolol, failure; 1940 gm 
corticosteroids infant at 34 wk, 
Apgar scores |] 
and 5 
3 (22 yr old, 160 37 None 32 Yes PTU, iodide, furose- Repeat cesarean sec- 
Latin, (220/140 mm Hg) mide, propranolol, tion; severe pre- 
para 1) corticosteroids eclampsia; peri- 


4 (20 yr old, 180 23 Pyelonephritis; 25 Yes 


partum heart fail- 
ure; 2090 gm 
stillborn infant at 
35 wk 

PTU, iodide, digitalis, Heart failure associ- 


black, temp. 40° C (200/90 mm Hg) propranolol, corti- ated with sepsis; 
para 0) sone, reserpine 450 gm abortus 
5 (30 yr old, 144 33 None 30 Yes PTU, iodide, cortisone Severe preeclampsia; 
black, (150/100 mm Hg) peripartum heart 
para 3) failure; 2270 gm 
at 36 wk, Apgar 
scores 8 and 9 
6 (34 yr old, 120 19 None 28 Yes PTU Heart failure at 34 
Latin, (170/84 mm Hg) wk; 2825 gm in- 
para 3) fant at 37 wk, Ap- 


7 (21 yr old, 120 30 Pyelonephritis; 22 No 
(120/68 mm Hg) 


black, temp. 
para 2) 39.4° C 


gar scores 7 and 9 
Heart failure associ- 
ated with sepsis at 
22 wk; moved 
away after 
discharge 


PTU, iodide, 
propranolol 


—— ws eee 


FTI, Free thyroxine index; PTU, propylthiouracil. 


made for the first time during the index pregnancy 
(incidence 0.03%) in 32 of the 60. 

Perinatal outcome. As shown in Table I, perinatal 
outcome was related to the severity of illness at delivery. 
_In the 60 pregnancies associated with thyrotoxicosis, 
13 (22%) were delivered before 37 weeks. In the 52 
women in whom treatment was given antepartum, 7 
(13%) were delivered preterm; 3 of the preterm infants 
were born in the group of 36 women who were euthy- 
roid at delivery, and 4 were delivered among 16 women 
given treatment but residually thyrotoxic. The remain- 
ing 8 women were not treated before delivery, and 7 
had preterm infants, 4 of whom were stillborn. 

There were 6 stillbirths and 1 midpregnancy loss, all 
in women who either were not given treatment (n = 5) 
or were clinically thyrotoxic despite propylthiouracil 
(n = 2). Two stillbirths were small-for-gestational-age 
infants, and whereas 4 of 50 live-born singleton infants 
were small for gestational age, only one had other stig- 
mas of growth retardation. 


Thyroid abnormalities were identified in 3 of 56 live- 
born infants (there were 3 sets of twins), and 53 were 
clinically normal. In 10 neonates there was no reference 
to thyroid function tests in the record. In the remaining 
43 neonates thyroxine screening was done. In 5 the 
results were above the normal range, but in 4 infants 
there was no clinical evidence of thyrotoxicosis. These 
4 neonates were delivered of mothers receiving =300. 
mg of propylthiouracil daily and who were euthyroid 
at delivery. The fifth neonate, who had transient signs 
of hyperthyroidism associated with an initial thyroxine 
level of 20.4 g/dl, also was born to a mother who was 
treated with >300 mg daily but who remained thyro- 
toxic at delivery. One neonate with transient hypothy- 
roidism was delivered of a euthyroid mother. Another 
neonate who was euthyroid with an asymptomatic goi- 
ter was delivered of a euthyroid mother. Both of these 
latter women were receiving 1000 mg of propylthio- 
uracil daily at the time of delivery. 

Maternal morbidity. Maternal heart failure also was 
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Table III. Relationship between gestational age at treatment initiation, thyroid metabolic status at delivery, 


and pregnancy complications 













Treated, Treated, Untreated, 
Gestational age euthyroid thyrotoxtc thyrotoxtc 
at treatment (wk) (n = 36) (n = 16) (n = 8) Complications 





<20 (n = 30) 25 
21-30 (n = 15) 6 
>31 (n = 15) 5 
Complications 

Heart failure l 

Stillbirth i 

Abortion 


Thyroid status at delivery 


nm — 












l 1 Heart failure 

and abortion 

l 2 Heart failure 
3 Stillbirth 

6 4 Heart failure 


3 Sullbirth 


5 
4 
J 


OO 


related to control of thyrotoxicosis and complicated 7 
of 60 pregnancies (12%). Clinical findings in these 
women are detailed in Table II. In 6 women heart 
failure developed after midpregnancy, which may re- 
flect an association with duration of untreated disease 
(Table III). Six of these 7 women had no treatment 
before heart failure developed, and most had associ- 
ated complications (preeclampsia, n = 4; infection, 
n = 3; anemia, n = 4). 

In Fig. 1 we present data obtained by pulmonary 
artery catheterization in 4 women with thyrotoxicosis 
and heart failure. Patients nos. 1 to 3 are described in 
Table I and are shown together with patient no. 4, 
described by Clark et al.‘ 

Treatment efficacy. In Table III these women are 
stratified by gestational age at which treatment was be- 
gun. Those with earlier treatment were more likely to 
be euthyroid by delivery and all had good pregnancy 
outcomes. Conversely, increasingly poor outcomes 
characterized by stillbirths and maternal congestive 
heart failure were apparent as duration of gestation 
increased without treatment. The degree of thyrotoxi- 
cosis may account for some of the difference in those 
who began treatment early in pregnancy but remained 
toxic at delivery (Table IV) because the average free 
thyroxine index in these 4 was 39. The prolonged treat- 
ment interval, however, also implicates noncompliance 
as a contributor to prolonged hyperthyroidism. 

Individual response to treatment was variable, and 
time to normalization of pulse and thyroid function 
tests ranged from 2 to 30 weeks and averaged 8 weeks. 
Initiation of treatment later in pregnancy obviously re- 
duces the potential duration of treatment, and indeed 
women treated later more often had residual thyro- 
toxicosis (Table III). The only women in whom reduc- 
tion to <150 mg daily was successful were those in 
whom treatment was begun before midpregnancy, and 


then only in 5 of 23 (22%) of those rendered euthyroid 
(2 of 25 in this category had a thyroidectomy for med- 
ical noncompliance). Noncompliance was implicated in 
those with long treatment intervals without normali- 
zation and was identified in 2 additional patients that 
had treatment initiated before midpregnancy and in 3 
patients with treatment initiated later. Once compliance 
was established, some response to therapy was observed 
in all of these patients, with multiple dosage adjust- 
ments made throughout their clinical courses. ‘The only 
major adverse outcome in women treated for an ade- 
quate period of time was a stillbirth at 34 weeks in a 
woman who had not attended the clinic for 10 weeks 
before delivery. The other stillbirth among 16 patients 
who were treated antepartum but who were residually 
hyperthyroid at delivery was within the first 2 weeks of 
treatment. 

Timing of diagnosis. The single factor that clearly 
affected prompt identification and treatment of thy- 
rotoxicosis was diagnosis before pregnancy. Those 


‘women with a diagnosis made previously had treatment 


initiated promptly. All were thyrotoxic when they were 
seen for prenatal care, and the only 2 receiving med- 
ication were taking an inadequate dose. Of these 28 
women, 22 (80%) were euthyroid by delivery. More- 
over, in the 20 who first presented before midpreg- 
nancy, 18 (90%) were euthyroid by delivery. 

Women in whom thyrotoxicosis was first identified 
during pregnancy did less well, and 5 of 7 stillbirths 
and 5 of 7 cases of congestive heart failure were en- 
countered in these 32 women. Chemical indices of thy- 
roid function at discovery were similar to those in 
women who had been diagnosed before pregnancy, and 
this suggests that severity of disease alone does not 
explain these poor outcomes. When the two groups 
were stratified by gestational age at treatment initiation, 
outcomes were similar and the principal difference was 
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delayed diagnosis of thyrotoxicosis in new-onset cases. 
For example, whereas a similar proportion (19 of 32, 
60%) of women with new-onset disease presented be- 
fore 20 weeks, only half were euthyroid by delivery. 
Only half had diagnosis made and treatment initiated 
within 3 weeks of presentation, and these had good 
outcomes. The average delay from presentation to di- 
agnosis was 6 weeks. 

The mean free thyroxine index of women in whom 
the diagnosis was prompt was 23, whereas it was 17 in 
those with delayed diagnosis, suggesting that the latter 
had milder disease. Two women were not recognized 
as having Graves’ disease until the onset of labor despite 
several antepartum visits. One with clinically mild dis- 
ease had a good perinatal outcome at 37 weeks. In the 
other, the free thyrexine index was 42 when her fetus 
died at 32 weeks and the diagnosis was made. Finally, 
6 of these 32 (19%) previously undiagnosed and un- 
treated women had serious complications when first 
seen; 2 with congestive heart failure were not in labor, 
3 with fetal death were in labor (2 of them coincidental 
heart failure), and another with heart failure was in 
preterm labor. | 

Propylthiouracil dose. Initial propylthiouracil dos- 
age was determined by clinical estimate of disease’ se- 
verity, as described in the Material and methods section. 
Resting pulse was used in this estimate, and we found 
a linear correlation between initial free thyroxine index 
and pulse (Spearman’s 0.56} and a weaker correlation 
between free thyroxine index and initial dose (Spear- 
man’s p 0.49). As shown in Table IV there was an av- 
erage correspondence between drug dose, initial free 
thyroxine index, and thyroid status at delivery. 

The appropriateness of maintenance dosages is more 
difficult to analyze because the vagaries of the disease, 
the somewhat arbitrary dosages, and the lag time to the 
availability of thyroxine test results were all com- 
pounded further by variable clinic attendance and 
scheduled follow-up. In an attempt to control for some 
of these variables, we selected 22 women who kept 
scheduled clinic appointments, responded to pre- 
scribed therapy, and also had appropriate laboratory 
surveillance. The data fram these 22 “compliant” 
women are presented in Table V. In these women the 
relationship between pulse and free thyroxine index 
was 0.70 (Spearman’s o) over the entire range of both 
initial and follow-up visits. There was no correlation, 
however, for all visits between dose and free thyroxine 
index. In 10 of these 22 women (46%) the propylthio- 
uracil dosage decreased to <300 mg daily within 8 
weeks. However, in 8 (36%) it was necessary to increase 
this to >600 mg, whereas 4 (18%) remained on the 
initial dose of 400 mg. There was evidence for some 
degree of treatment “overshoot” in this group, with 10 
of 54 of the values obtained during treatment in the 
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Fig. 1. Data obtained from pulmonary artery catheterization 
in 4 women with thyrotoxicosis and heart failure plotted on 
Braunwald ventricular function curve. Values for normal 
function lie between two curved lines (hyperdynamic function 
above top line and hypodynamic function below bottom line). 
Proximal points on arrows represent initial results and second 
points were obtained 24 hours later. Third point for patient no. 
2 was obtained 6 days after the initial study. Patients nos. 1 to 
3 are from Table I and patient no. 4 is from Clark et al.’ 


lower half of the normal thyroxine range; one woman 
had a value that was below normal (one of two in the 
series). Nonetheless, there was evidence in this group, 
as well as the other women, of a consistent attempt to 
minimize propylthiouracil dosage. Overall, in 17 of 34 
women who were euthyroid by delivery, successful dos- 
age reduction was achieved. Errors of underdosage 
were as frequent as those of overdosage. Delays in re- 
sponse caused by inadequate dosage were observed in 
9 patients, 4 of whom were residually thyrotoxic at 
delivery. Two of the 16 who were treated but were 
hyperthyroid at delivery had been euthyroid but thy- 
rotoxicosis recurred after dosage reduction. 

Treatment complications. Propylthiouracil was gen- 
erally well tolerated. Side effects included 2 cases of 
mild chemical hepatitis and 2 cases of maculopapular 
rash for which methimazole was substituted at approx- 
imately one tenth the propylthiouracil dose. There 
were no associated complications. 

Follow-up. Three women with an initial diagno- 
sis made during an index pregnancy had subse- 
quent pregnancies again complicated by thyrotoxicosis. 
Radioiodine-induced thyroid ablation was performed 
post partum in 23 women, and most’ were treated 
shortly after admission for delivery. Subtotal thyroid- 
ectomy was performed in 6, 2 of which were during 
pregnancy. Plans were made for continuing thiourea 
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Table IV. Relationships between gestational age and treatment initiation, thyroid status at delivery, ee 
free thyroxiné index, and initial and final propylthiour acil dose in women treated antepartum 


Gestational age Euthyroid 


‘at treatment 


' <20 
>20 li 172 


25 39.5 


- 580 (345) ` 4 
400 (400) 12 ` 19.2 "9.2 


Thyroid status at delivery 


Thyrotoxic 


700 (1250) 
500 (600) 





FTI, Free thyroxine index (normal range 5.5 to 11.5); PTU, propylthiouracil expressed as mean daily starting dose with mean 


daily dose at delivery in patentee: 


Table V. Comparison of propylthiouracil dose in 22 Se women with thyrotoxicosis at diagnosis, 8 
weeks later, and at delivery 





Propylthiouracil : 593 & 7/3 
(mg/day) 

Total thyroxine 24.2 Ł 
(g/dl) 

Free thyroxine 24 + 2.3 
indext 

Pulse ratet 110 + 2.5 


- Initial diagnosis 6-10 wk ie 


At delivery 


582 + 77 sO 495 + 90 ` 

16.9 + 1.3* 14.6 + 1* 

12.2 + 1.9% 9.7 + 0.8* 
93 + 2.6% 92 + 1.7% 





Values are mean + SE. 
*p < 0.05, versus initial value. 
Correlation coefficient, Spearman’s p = 0.70, p < 0.05. 


therapy for the remaining 31 women, but only 6 
were available at follow-up 2 to 4 years later and 
all 6 were still euthyroid on a eee of maintenance 
medication. 


Comment 


Our estimate of a 1 in 2000 incidence of overt thy- 
rotoxicosis is lower than the 2 per 1000 cited by Bur- 
row.! However, we excluded women with Graves’ 
disease who were receiving continuous suppressive 
therapy before pregnancy and those with previous 
ablation who remained euthyroid throughout preg- 
nancy. Thus our estimate is not of the’ prevalence 
of Graves’ disease during pregnancy.’ Moreover, re- 
ports that cite a higher incidence may reflect referral 
bias. Parkland is not principally a referral hospital, 
but rather it is a population-based ‘facility for in- 
digent residents of Dallas County. Mestman et al.? 
reported a similar rate from Los Angeles Conniy 
Hospital. l 

Undoubtedly some women with mild degrees of thy- 
rotoxicosis were not included. Presumably most of 
these have relatively mild disease.as our data on the 
inverse relationship between average free thyroxine 
index and interval of delay of diagnosis in incident 
cases suggest. The difficulties in diagnosis of. this 
relatively rare disorder on the basis of clinical findings 
during pregnancy are well know: There also is 


the possibility that some cases actually began during 
pregnancy, that overt manifestations of the disease 
were not present earlier, or that labor and associated 
complications precipitated more Sore recognizable 
manifestations. 

We found a relationship between thyroid status at 
delivery and maternal-fetal morbidity, and women ren- 
dered euthyroid by the time of delivery had little mor- 
bidity compared with those untreated antepartum. 
Whereas euthyroidism in response to treatment by the 
time of delivery was related to severity of thyrotoxicosis, 
it was more importantly correlated with gestational age 
when treatment was begun. For example, women in 
whom the diagnosis was made before pregnancy but 
who began prenatal care while overtly thyrotoxic were 
more likely to be given treatment earlier in pregnancy, 
to be euthyroid by delivery, and to have a propylthio- 
uracil dosage reduction to <150 mg daily. Conversely, 
in the women with the first diagnosis during pregnancy, 
diagnosis and treatment frequently were delayed, and 
this delay accounted for some of the observed morbid- 
ity. Most of the maternal- fetal morbidity occured in 
untreated women. 

Initial propylthiouracil treatment of thyrotoxicosis 
during pregnancy is currently the standard.’ è 67 
Whereas our average initial dosages (Table IV) were 
considerably higher than the 300 to 450 mg usually 
recommended, dosage was based on clinical findings, 
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Table VI. Pregnancies complicated by thyrotoxicosis and reported after 1972* 







Medical 


Pregnancies 265 
Abortions 20 8 
Stillbirths 13 5 
Major anomalies 3 l 
Live birth term . 211 80 
“Premature” 29 1] 
Newborn abnormalities 
Goiter 15 6 
Thyrotoxicosis 6 2 
Hypothyroid 2 l 
“Thyroid crisis” 5 2 


*References available on request. 


and we found a linear relationship between pulse ‘rate 
and total thyroxine level. The weak correlation between 
initial propylthiouracil dose and free thyroxine index 
that resulted was not evident when maintenance doses 
were considered. There was evidence that a consistent 
attempt was made to minimize propylthiouracil: dose, 
and we conclude that some women simply need higher 
doses for control. It seems reasonable that our high 
proportion of incident cases, together with our cases of 
overt thyrotoxicosis, explains in part the higher doses 
of propylthiouracil needed for contro] compared with 
those in other reports. Despite these relatively large 
doses, evidence of overtreatment was uncommon and 
inadequate dosage was implicated in a number of cases 
of delayed response or residual thyrotoxicosis at deliv- 
ery. The relatively good correlation between pulse and 
thyroxine level during treatment suggests retrospec- 
tively that closer attention to this easily measured clin- 
ical parameter might result in a better correlation be- 
tween maintenance propylthiouracil dose and thyroid 
status. | | | | 

Whenever lack of response to a seemingly adequate 
dose of medication is observed, noncompliance should 
be considered? Compliance with prescribed dosage is 
one aspect of this problem but contributed little to mor- 
bidity when compared with lack of prenatal care. The 
importance of early diagnosis and treatment is empha- 
sized because the preponderance of perinatal morbidity 
and mortality was in women in whom treatment was 
begun later in pregnancy. These findings correlate with 
those reported by Mestman et al., and it seems clear 
that the primary management objective should be 
prompt maternal metabolic control. 

The principal objective of minimizing thiourea dos- 
age is to avoid fetal thyroid suppression, the concern 
for which is greater in late pregnancy when fetal thy- 
roxine appears important for normal maturation. Early 


Treatment 


S urgical 











34 342 
9 3 9 26 8 
7 8 24 24 7 
2 — — 4 l 
79 6 18 251 73 
9 18 53 51 15 
2 7 21 12 4 


reports of the fetal consequences of exposure to pro- 
pvithiouracil were confounded by the concurrent ad- 
ministration of iodides and described a high incidence 
of neonatal hypothyroidism and goiter, often seen with 


‘iodide treatment given alone. Cheron et al.? reported 


that only one of 11 newborn infants had transient 
chemically induced low levels of thyroxine despite ma- 
ternal propylthiouracil doses exceeding : 300 mg daily. 
Subsequently, Momotani et al.’ reported lower cord 
thyroxine levels when propylthiouracil treatment was 
continued until delivery, but they did not find a dose- 
response relationship and no infants were hypothyroid. 
Despite relatively large doses of propylthiouracil given 
in this series, only two neonates had evidence of thy- 
roid suppression. Specifically, one infant had transient 
thyromegaly but normal thyroxine levels, and another 
had transient chemical hypothyroidism. This inci- 
dence is comparable to the 3% to 5% reported 
elsewhere. 

On the other hand, eoram eee oidism also 
may adversely affect normal development. Graves’ dis- 
ease is characterized by thyroid-stimulating immuno- 
globulins, which may have immediate and long-term 
fetal and neonatal effects. Although fetal death clearly 
seems related to maternal hyperthyroidism, fetal hy- 
perthyroidism may be a factor in intrauterine death. 
Only one of the five neonates with elevated serum thy- 
roxine concentrations in this series was clinically hy- 
perthyroid. Although neonatal, thyroid status is some- 
what unpredictable and needs to be assessed regardless 
of maternal status at delivery, we conclude that most 
neonates will be euthyroid when treatment objectives 
focus on maternal control. l 

Only one woman had a classic “thyroid storm” with 
cerebral dysfunction, hyperthermia, and gastrointes- 
tinal hypermotility together with congestive heart fail- 
ure. However, it is clear that untreated thyrotoxicosis 
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causes serious maternal morbidity, primarily heart fail- 
ure. Whereas the exact mechanisms of thyrotoxic- 
induced hemodynamic changes are controversial, there 
is evidence that prolonged exposure to excessive thy- 
roxine causes myocardial injury, cardiomegaly, and 
ventricular dysfunction.’* |" Thyroid hormone in- 
duces f-adrenergic receptor up-regulation, a-receptor 
down-regulation,” and altered myosin adenosine tri- 
phosphatase activity.” Clinically, there is an increased 
cardiac ejection fraction at rest with exaggerated 
decreases with exercise,’ and this seems analogous 
to pregnancy-induced hyperdynamic cardiovascular 
changes. It is important, as with any preexisting heart 
disease, that ventricular dysfunction is more likely 
when pregnancy is further complicated by anemia, pre- 
eclampsia, or infection,” and these factors commonly 
coexisted in women with heart failure. As illustrated in 
Fig. 1, measures to control thyrotoxicosis, together with 
those to correct compounding factors that increase car- 
diac workload, improve ventricular function. 

In Table VI we summarize 342 cases of thyrotoxicosis 
complicating pregnancy described since 1970. “Thy- 
roid crisis,” which includes heart failure, complicated 
2% of pregnancies in which antithyroid drugs were 
given, compared with 20% in women not treated. Heart 
failure was even more common in women described 
here, identified by us in 11%. It was more common 
(20%) in women in whom treatment was begun after 
midpregnancy and complicated 5 of 8 pregnancies in 
untreated women who presented in labor. Conversely, 
ventricular dysfunction rarely developed in women in 
whom some propylthiouracil therapy had been given. 
The single exception was in a woman at 22 weeks’ ges- 
tation who developed congestive heart failure 2 days 
after initiation of treatment for Graves’ disease and 
coincidental acute pyelonephritis. We recently reported 
evidence for ventricular dysfunction complicating an- 
tepartum pyelonephritis, and the clinical course of 
this woman was similar. 

We conclude that propylthiouracil dosage deter- 
mined by serial clinical findings and laboratory 
monitoring usually results in satisfactory control of 
thyrotoxicosis if initiated by midpregnancy. Dosage 
reduction to a theoretical minimum is an important 
consideration but should be a secondary objective be- 
cause adverse neonatal effects are uncommon and the 
necessity for continued infant follow-up is not averted. 
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The most important observation was the degree of peri- 
natal mortality and maternal heart failure found in 
association with poorly controlled or untreated thyro- 
toxicosis complicating pregnancy. These observations 
are not original or novel but they are significant in 
emphasizing control of disease as the important ther- 
apeutic objective and in providing a descriptive basis 
for reasonable therapeutic goals and expectations. 
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Comparison of immunoreactive gonadotropin-releasing 
hormone and human chorionic gonadotropin in term placentas 
from normal women and those with insulin-dependent and 


gestational diabetes 


Karen E. Elkind-Hirsch, PhD, Mary V. Raynolds, PhD, and Joseph W. Goldzieher, MD 


Houston, Texas 


We measured prohormone gonadotropin-releasing hormone (high-molecular-weight gonadotropin-releasing 
hormone), gonadotropin-releasing hormone and human chorionic gonadotropin concentrations in term 
placentas from normal women and those with insulin-dependent and gestational diabetes. The placental 
immunoreactive gonadotropin-releasing hormone levels were significantly higher in normal tissues than in 
tissues from insulin-dependent and gestational diabetes (p < 0.01). When compared with diabetic 
placental extracts, normal tissue also had more stored prohormone immunoreactive gonadotropin-releasing 
hormone. Whereas there were no consistent differences in placental human chorionic gonadotropin 
concentrations in normal tissues and tissues from insulin-dependent and gestational diabetes, there was a 
significant correlation between gonadotropin-releasing hormone and human chorionic gonadotropin 
concentrations in normal samples (r = 0.57, p < 0.05), which was abolished when the diabetic tissue was 
included in the analysis. These data suggest that differences in high-molecular-weight 
gonadotropin-releasing normone and gonadotropin-releasing hormone concentrations in term placentas 
from normal versus diabetic mothers may be due to enhanced processing of the prohormone and 
increased release of the decapeptide in diabetic pregnancy. (Am J Opstet GYNECOL 1989;160:71-78.) 


Key words: Gonadotropin-releasing hormone, diabetic placenta, gonadotropin-releasing 


hormone—human chorionic gonadotropin axis 


Recent investigations have shown that a releasing 
hormone for human chorionic gonadotropin (hCG) 
with gonadotropin-releasing hormone (GnRH)-—like 
characteristics is synthesized in the human placenta.** 
GnRH activity is found primarily in the cytotrophoblast 
cells that form the core of the trophoblastic villi,® ° 
whereas hCG is synthesized by syncytiotrophoblast cells 
in the cortex of the villi.” ° 

During normal pregnancy, placental tissue GnRH 
concentrations parallel hCG secretion. The highest 
concentrations of placental GnRH are attained early in 
gestation (week 8), when the largest number of cyto- 
trophoblast cells is present in the villi; levels decline 
after the twenty-second week, dropping to the lowest 
values between 30 and 36 weeks. After 36 weeks there 


From the Departments of Pediatrics and Obstetrics and Gynecology, 
Baylor College of Medicine. 

This study was supported by a grant from the American Diabetes 
Association to Karen E. Elkind-Hursch. 

Presented in part at the Forty-seventh Annual Meeting of the Amer- 
ican Diabetes Association, Indiancpolts, Indiana, June 6-9, 1987. 

Received for publication April 19, 1988; accepted July 29, 1988. 

Reprint requests: Dr. Karen Elkind-Mirsch, Department of Medicine, 
Baylor College of Medicine, One Baylor Plaza, Houston, TX 
77030. 


is a slight but significant rise in GnRH content until 
term.*° Maternal serum levels of hCG follow a similar 
pattern; they peak at 8 weeks of gestation, gradually 
diminish until about 17 weeks, then rise very slowly to 
a plateau at 30 weeks.’® '' Decreases in hCG concen- 
tration during the course of normal gestation may re- 
flect a diminution in the number of cytotrophoblast 
cells available to synthesize and release GnRH, which 
in turn affects hCG secretion. 

Studies of maternal serum hCG levels throughout 
gestation, amniotic fluid concentrations of hCG, and 
term cord blood hCG levels’ of infants of diabetic 
mothers have shown that secretion of this placental 
hormone is markedly elevated in diabetic pregnancies 
when compared with normal pregnancies. The more 
severe the maternal diabetes (determined by age at on- 
set, development of complications), the higher the se- 
rum hCG levels throughout gestation.’® Because secre- 
tion of placental hCG by the syncytiotrophoblast ap- 
pears to be stimulated by placental GnRH in a manner 
analogous to hypothalamic GnRH control of pituitary 
gonadotropin release, we propose that the placental 
GnRH-hGG axis is altered in diabetic pregnancies. 

In this study we quantified hCG and GnRH levels in 
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Table I. Patient population for placental samples 


Age of mother Pregnancies Live births 
Group (yr) (no.) (no.) (wk) 


Normal (n = 12) 29.5 + 2.1 

Insulin-dependent 32.4 + 1.5 
diabetes (n = 14) 

Gestational diabetes 30.4 + 1.3 


(n = 7) 
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Gestational age 


+ 0.4 1.0 + 0.3 39.2 + 0:3 
+ 0.3 1.4 + 0.2 39.1 + 0.5 
3.7 + 0.6 1.8 + 0.3 39.2 + 0.2 





Values are mean + SEM. 


term placentas from normal women and those with 
insulin-dependent and gestational (diet-controlled) di- 
abetes after cesarean section to examine the role of 
GnRH in mediating placental hCG secretion in diabetic 
gestation. 


Material and methods 


Placental tissue. Thirty-three human placentas from 
mothers with singleton pregnancies delivered between 
week 36 and week 40 were obtained at cesarean section. 
The samples were grouped into three categories. 

Mothers with insulin-dependent diabetes (n = 14) 
were on a regimen of insulin therapy to control 
blood glucose levels during pregnancy. This group in- 
cluded patients with type 1 diabetes mellitus (insulin- 
dependent diabetes before pregnancy, White’s Classes 
B and D") and patients with type 2 diabetes mellitus 
(non—insulin-dependent diabetes before pregnancy 
but insulin therapy required during gestation to main- 
tain blood glucose values in the normal range; White’s 
Class A/B"*). 


Mothers with gestational diabetes (n = 7) developed | 


elevated blood glucose levels during pregnancy, but 
only diet is required for control (White’s Class A"). 

Normal (n = 12) mothers had normal blood glucose 
levels as documented by normal results of urine and 
oral glucose tolerance tests. 

On collection, the trophoblastic villi were immedi- 
ately separated from the umbilical cords and mem- 
branes, cut into approximately 5 gm pieces, and rinsed 
repeatedly with ice-cold physiologic saline solution plus 
107° mol/L ethylenediaminetetraacetic acid. The pla- 
cental tissue was wrapped in aluminum foil, frozen in 
liquid nitrogen within 5 minutes of delivery, and stored 
at — 80° C until extraction. 

Tissue extraction. For the GnRH radioimmunoas- 
say, pleces of frozen placental tissue were broken into 
chunks of 4 to 6 gm and weighed (final total tissue 
weight for assay approximately 10 gm per placenta). 
Each piece of tissue was placed into a polypropylene 
test tube containing 25 ml of 2N acetic acid plus 107° 
mol/L ethylenediaminetetraacetic acid and homoge- 
nized with a Polytron homogenizer while still frozen. 
Tissue homogenates were placed in a Sorvall RC-5B 


medium-speed centrifuge and spun for 120 minutes at 
15,000 rpm and 4° C to remove debris. The superna- 
tants were decanted into clean 50 ml tubes in 15 ml 
aliquots, snap frozen in a dry ice~methanol bath, and 
lyophilized for 48 hours. The lyophilized samples were 
then redissolved in 30 ml of 2N acetic acid (two 15 ml 
aliquots from each piece of tissue were pooled) and 
centrifuged for 30 minutes in the Sorvall RC-5B at 
15,000 rpm and 4° C. All samples from the same pla- 


-centa were pooled in a flask such that the total volume 


of reconstituted extract was 60 ml. The total volume 
was then brought to 100 ml with 2N acetic acid. The 
samples were passed through a Millipore Minitan ul- 
trafiltration system by means of 30,000 dalton niem- 
branes and a 300 ml 0.2N acetic acid wash. The final 
300 ml filtrate volume was snap frozen in dry ice— 
methanol in 10 30 ml aliquots and lyophilized for 48 
hours. Lyophilized extracts were stored at — 20° C until 
assayed. 

For hCG assay, placental tissues were extracted by 
means of modification of the methods described by 
Osathanondh and Elkind-Hirsch.”* Frozen pieces of 
normal and diabetic placentas were weighed and then 
homogenized in ice-cold 0.154 mol/L sodium chloride 
plus 107° mol/L ethylenediaminetetraacetic acid (15:1 
vol/wt) by a Polytron homogenizer. The homogenates 
were centrifuged in a Sorvall RC-5B medium-speed 
centrifuge for 120 minutes at 15,000 rpm and 4° C. 
The supernatants were decanted into two aliquots of 
15 ml each, snap frozen in dry ice—methanol, lyophi- 
lized for 48 hours, and stored at — 20° C until assayed. 

Protein concentrations of both the crude and 
Minitan-purified placental extracts were determined by 
the method of Lowry et al.'® with bovine serum albumin 
as the reference standard. 

Column chromatography. Gel filtration chromatog- 
raphy was used to assess the ratios of high-molecular- 
weight immunoreactive GnRH to decapeptide GnRH 
activity. Sephadex G25 (Pharmcia) fine columns 
(1.6 x 28 and 1.6 x 40 cm) were. prepared and equil- 
ibrated with 0.2N acetic acid. 

Lyophilized pooled placental extracts (Minitan- 
filtered extracts from 25 to 30 gm of pooled tissue from 
either normal or diabetic patients) were reconstituted 
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Table II. Placental immunoreactive GnRH and hCG concentrations 








Normal (n = 12) 

Insulin-dependent 
diabetes (n = 14) 

Gestational diabetes 
(n = 7) 


GnRH 









(pg/mg protein hCG 
<30 hktlodaltons) (mIU/mg protein) 
24 + 2.9* 785.6 + 182.3 
14.7 + 1.0 1719.5 + 354 
PAn e ded 1520 + 224 





Values are mean + SEM. 


*p < 0.01, normal verses insulin-dependent and gestational diabetes. 


in 1.5 ml of 0.2N acetic acid, mixed in a vortex for 2 


minutes, and centrifuged at 3000 rpm for 20 minutes 


at 4° C. The supernatant was then applied to the col- 
umn and eluted with 0.2N acetic acid. Eight fractions 
of 2.5 ml each were collected and lyophilized. Aliquots 
of the eluted fractions were assayed for high-molecular- 
weight-GnRH and GnRH with antisera of differing 
specificities for GnRH. Void volumes determined with 
dextran blue were 20 ml for the 1.6 X 28 cm column 
and 30 ml for the 1.6 x 40 cm column. The columns 
were calibrated with synthetic GnRH (5 ng) to confirm 
that their elution profiles were identical under similar 
conditions. 

High-pressure liquid chromatography. Reverse 
phase high-pressure liquid chromatography with a C-8 
column and a phenyl column was used to further char- 
acterize GnRH immunoreactive fractions eluted from 
the gel filtration columns. Chromatography was per- 
formed with a Beckman high-pressure liquid chromato- 
graphy system consiting of two model 110B pumps, a 
421A system controller, and an Altex 210A sample in- 
jector. Absorbance of column eluates was monitored at 
280 and 254 nm with a Beckman model 165 variable- 
wavelength ultraviolet detector. The Aquapore RP-300 
C8 and Aquapore phenyl analytical columns (25 
cm X 4.6 mm inside diameter, 7 um particle size) were 
from Brownlee Labs (Santa Clara, Calif.). 

Lyophilized pooled placental extracts (10 to 20 gm 
of pooled tissue from either normal or diabetic moth- 
ers) were filtered through the Minitan and passed 
through a Sephadex G-25 fine column (1.6 X 40 cm). 
Fifty fractions of 2.5 ml were collected, and the high- 


molecular-weight-GnRH peak fractions (tubes 16 to 24) 


and GnRH decapeptide peak fractions (tubes 25 to 35) 
were separately pooled, flash frozen in dry ice— 
methanol, and lyophilized for 48 hours. The lyophi- 
lized pools were redissolved in 3 ml of 0.2N acetic acid, 
mixed in a vortex, and centrifuged at 3000 rpm and 
4° C for 20 minutes to remove insoluble debris. The 
supernatants were decanted into new tubes, snap fro- 
zen in dry ice—methanol, lyophilized and stored at 
— 20° C. For reverse phase-high-pressure liquid chro- 


matography, the high-molecular-weight-GnRH and 
GnRH pooled fractions from normal and diabetic pla- 
cental tissues were reconstituted in 0.1% trifluoroacetic 
acid in water and centrifuged in a microfuge for 5 
minutes before injection into the high-pressure liquid 
chromatography columns. Then 500 pl of sample or 
standard GnRH (concentration of 1 ng/pl) plus 500 pl 
of buffer were loaded into the 1 ml injection loop of 
either C-8 or phenyl columns. Immunoreactive peaks 
were separated with a linear gradient from 100% wa- 
ter—0.1% trifluoroacetic acid to 100% acetonitrile over 
60 minutes. The flow rate was 1 ml/min. Fractions of 
2.5 ml were collected over the 60-minute run, evapo- 
rated under nitrogen, and stored at — 20° C. Fractions 
were then dissolved in phosphate-buffered saline so- 
lution and assayed for GnRH immunoreactivity. 

Radioimmunoassays 

GnRH assays. We have used two different antisera, 
directed to different segments of the GnRH decapep- 
tide, to quantify GnRH and to characterize the im- 
munoreactivity in placental tissue. These antisera, gen- 
erated against synthetic GnRH in rabbits, have speci- 
ficities as follows: RP-1076 (supplied by Dr. R. P. 
Millar) requires amino acids 4 to 8; therefore it can 
detect prohormone as well as decapeptide GnRH.” 
CRR11B73 (supplied by Drs. V. D. Ramirez and Y. F. 
Chen) requires all 10 amino acids in GnRH but does 
not bind with molecules extended at either the 
N- or C-terminus.'*? CRR11B73 thus apparently does 
not react with high-molecular-weight or prohormone 
GnRH. 

The concentrations of GnRH were measured with 
a modification of the radioimmunoassay procedures 
developed in our laboratory for assying plasma 
GnRH levels." Synthetic GnRH (Peninsula Laborato- 
ries) served as the protein for lactoperoxidase iodina- 
tion as well as for a reference standard. For direct tissue 
assay, the 10 lyophilized aliquots from each sample (fil- 
tered through the Minitan) were reconstituted in 150 
to 200 ul of phosphate-buffered saline solution—0.1% 
gelatin buffer and pooled to yield a total volume of 1.5 
to 2 ml. Duplicate 200 and 100 pl aliquots were re- 
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Fig. 1. Gel filtration chromatographic profiles from acetic acid extracts of normal (NP) and diabetic 
(DP) pooled placental tissue. Sephadex G25 fine column (1.6 x 40 cm) was eluted with 0.2N acetic 
acid. Fractions of 2.5 ml were collected for radioimmunoassay of GnRH-like immunoreactivity. A, 
Antiserum CRR11B73 was used to measure immunoreactivity GnRH in column fractions. B, Assay 
of same fractions with antiserum 1076. Elution position of void volume (Vo, was as indicated. Synthetic 
GnRH (GnRH) eluted in same position as major peak (peak J). Diabetic tissue (DP) concentrations 
of high-molecular-weight GnRH (peak 7) were lower than those in normal placental extracts (NP) 


with RP-1076 antiserum. 


moved for assay. Synthetic GnRH fractions eluted from 
the gel filtration columns were reconstituted in 2.5 ml 
of phosphate-buffered saline solution—gel and 50 ul 
aliquots were assayed, whereas placental extract frac- 
tions were dissolved in 450 wl of phosphate-buffered 
saline solution—gel and single 150 pl aliquots were 
assayed. Fractions eluted from reverse phase-high- 


pressure liquid chromatography experiments were di- 
luted in 500 wl phosphate-buffered saline solution—gel 
and single 200 wl aliquots were assayed with both 
antisera. 

hCG assays. hCG concentrations were measured with 
a commercial radioimmunoassay kit (Pacific Biotech, 
Inc.) and two dilutions of each extract used to establish 
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Fig. 2. Chromatographic profile of GnRH-like immunoreactivity after separation on a reverse phase 
phenyl column. A, High-pressure liquid chromatography profile of GnRH immunoreactivity of 
extracts of normal pooled placental tissue (NP), diabetic pooled placental tissue (DP), and synthetic 
GnRH (GnRH) with CRR11B73 anti-GnRH serum. B, Elution profile of same fractions assayed with 
RP-1076 anti-GnRH serum. Single peak of GnRH-like immunoreactivity in placental tissue, which 
coeluted with synthetic GnRH, was recognized by both antisera. Profiles similar to those shown in 
A and B were obtained after extracts of pooled normal and diabetic placental tissue and synthetic 
GnRH were passed through C-8 RP column. | 
a dose-response curve. The hCG antiserum used was Treatment of data. All data were analyzed statistically 
specific for the B-subunit of hCG and showed <0.2% with one-way analyses of variance and ¢ tests for in- 
cross reactivity with luteinizing hormone and almost dependent means. The Scheffe test was used to make 
no cross reactivity with follicle-stimulate hormone or subsequent comparisons between each of the groups 
thyroid-stimulating hormone. where the F value had been found to be significant. 
The coefficient of variation of the GnRH or hCG The following comparisons were made: one-way anal- 


assays did not exceed 10%. ysis of variance was used to compare all patient data, 
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Les, age of mother, baby’s gestational age, and gravidity 
and parity of the mother. One-way analysis of vari- 
ance and subsequent Scheffe tests were used to com- 
pare GnRH and hCG concentrations in placental 
samples from normal mothers and those with insulin- 
dependent and gestational diabetes. Differences in pla- 
cental GnRH and hCG concentrations between male 
and female infants within the groups were analyzed by 
means of ¢ tests. : 

.To examine assay data further, linear reladonshivs 
between immunoreactive GnRH and hCG concentra- 
tions were determined by linear regression analysis with 
the Pearson product moment correlation test. All re- 
ported results are expressed as mean + SEM. 


Results 


To control for differences in GnRH and hCG levels 
caused by factors such as gestational age or mother’s 
age, subjects were matched on these variables. As 
can be seen in Table I, there were no significant 
differences between the groups in terms of age of 
mother (F = 0.75, p > 0.05), number of pregnancies 
(F = 0.94, p > 0.05), number of live births (F = 1.9, 
p > 0.05), or gestational age of the infants (F = 0.02, 
p > 0.05). : 

Radioimmunoassay data. The presence of GnRH 
and hCG was determined by radioimmunoassay with 
antibodies specific for the biologically active forms of 
GnRH and hGG. a 3 

The placental immunoreactive GnRH concentra- 
tions were significantly higher (F = 7.6, p < 0.01) in 
normal tissues’ than in tissues from insulin- -dependent 
and: gestational diabtes (Table II). Analysis of rele- 
vant subgroups with -the Scheffe test revealed that 
GnRH concentrations in placentas from gestational and 
insulin-dependent diabetes were not significantly dif- 
ferent from each other, but both. values were: signifi- 
cantly lower than those of normal tissue (p < 0.01). 

The concentrations of placental GnRH from gesta- 
tions with male versus female fetuses were compared 
in normal tissues and tissues from gestational and 
insulin-dependent diabetes. No significant sex differ- 
ences in’ placental GnRH were found. 

hCG concentrations in placentas from both insulin- 
dependent and gestational diabetes were higher than 
„those in normal samples, although the differences did 
not reach statistical significance (F = 2.8, p = 0.08). 
Concentrations of hCG were similar in samples of pla- 
centas from male and female fetuses in all groups 
(Table II). 7 

There was a significant correlation between im- 
munoreactive GnRH and hCG tissue concentrations 
(r = 0.57, p < 0.05) in the placentas from normal 
women, but no correlation was found in placentas 
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from both insulin-dependent and gestational diabetes 
(r= —0.28, p > 0.05). 

Chromatography studies. To charactetize further 
the GnRH-like activity from normal and diabetic hu- 
man placental tissues, extracts were purified by passing 
them over a Sephadex G-25 fine column after the ex- 
tracts had been filtered through the 30,000 dalton 
membrane of the Minitan ultrafiltration system. The 
column fractions. were assayed for „endogenous pre- 
cursor GnRH and GnRH decapeptide with two differ- 
ent antisera that recognize different regions of the 
GnRH molecule. When eluates were assayed with the 
CRR11B73 antibody, the single immunoreactive peak 
(peak II) that emerged coeluted with synthetic GnRH 
(Fig. 1, A) in both normal and diabetic pooled placental 
tissue extracts. When these same fractions were assayed 
with the RP-1076 antibody, two distinct peaks of im- 
munoreactivity were observed (Fig. 1, B). A smaller 
high-molecular-weight peak (peak I) eluted shortly af- 
ter the void volume (Vo), and another peak (II) com- 
igrated with synthetic GnRH (Fig. 1, B). In sam- 
ples of normal placentas the high-molecular-weight 
GnRH/GnRH peak height ratio was consistently 
greater than the ratio in diabetic tissue (1:2 for normal 
versus 1:5 for diabetic samples). | 

Further purification of GnRH immunoreactive 
fractions was carried out by reverse phase high- 
pressure liquid chromatography. The fractions im- 
mediately surrounding and including high-molecular- 
weight-GnRH (peak I) and GnRH decapeptide (peak 
II) were pooled and injected into a C-8 or phenyl re- 
versed phase column. Eluted fractions were examined 
by radioimmunoassay with the two different GnRH an- 
tisera. The immunoreactive GnRH from normal and 
diabetic tissue eluted from the C-8 and the phenyl col- 
umns as a single peak that corresponded in retention 
time to the synthetic peptide (Fig. 2, A and B). Similar 
profiles were obtained when fractions from either col- 
umn were assayed with either CRR11B73 or RP-1076 
anti-GnRH antisera. No precursor forms of GnRH 
were detected. 


Comment 


These results demonstrate for the first time that 
GnRH concentrations were significantly higher at term 
in placentas from normal women than in placentas 
from insulin-dependent and gestational diabetes. Our 
additional observation that the prohormone GnRH 
content of diabetic placentas is lower than that of nor- 
mal tissue suggests increased processing to the active 
secretory form of GnRH and possibly enhanced GnRH 
secretion in diabetic mothers. 

We have hypothesized that an increased secretion of 
GnRH may be responsible for the changes reported in. 
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hCG secretion in diabetic pregnancies.’ 1*1? Whereas 
previous studies-indicate altered hCG levels in patients 
with diabetes, placental tissue concentrations of hCG 
measured in our study were not significantly different 
between normal and diabetic mothers. Because mater- 
nal serum hCG levels were not measured in this study, 
it is not possible to evaluate directly if increased pla- 
cental GnRH secretion in the diabetic woman is a cause 
of elevated circulating hCG levels. The placental: hCG 
concentrations determined in this study reflect stored 
hCG. The elevated serum hCG levels reported in other 
work may be the result of factors involved in hCG syn- 
thesis, processing, and secretion, which do not affect 
hCG tissue storage. However, we have shown that the 
GnRH-hCG axis is altered in the woman with diabetes 


as demonstrated by the disturbance of the correlation ` 


between placental tissue GnRH and hCG that is found 
in the normal placenta. 

We have determined that placental tissue from dia- 
betes has less stored GnRH prohormone than normal 
tissue. This suggests that enhanced cleavage of pro- 
hormone GnRH to its active form also may.contribute 
to the disturbance in placental GnRH-hCG production 
in diabetic pregnancies. The mechanisms for increased 


prohormone processing to active GnRH and higher 


rates of release of decapeptide in diabetic pregnan- 
cies are presently unknown but could result from 
increased levels of prohormone cleavage enzymes, 
changes in neurotransmitter stimulation of GnRH 
secretion, or decreased concentrations of GnRH- 
degrading enzymes. 

A single immunoreactive peak, which coeluted with 
synthetic GnRH, was measured with either CRR1 1B73 
or RP-1076 antisera after reverse phase chroma- 


tography of placental tissues. It was expected that 


CRR11B73 would recognize only GnRH decapeptide 
because it requires there be no N- or C-terminal 
extensions of GnRH. However, no high-molecular- 
weight GnRH was detected after reverse phase 
high-pressure liquid chromatography with antiserum 
RP-1076, although this antiserum did detect high- 
molecular-weight GnRH (prohormone GnRH) after 
gel permeation chromatography. It is possible that this 
antiserum was unable to recognize high-molecular- 
weight GnRH under the extraction conditions used in 
reverse phase-high-pressure liquid chromatography or 
that the high-molecular-weight form was retained on 
both columns.” *? l 

In conclusion, in comparison with placental tropho- 
blast tissue from normal mothers, tissue from women 
with insulin-dependent and gestational diabetes at term 
pregnancy has significantly lower GnRH concentra- 
tions and decreased levels of tissue prohormone GnRH. 
Altered hCG production and secretion in diabetic 
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mothers may be explained by functional changes in the 
GnRH-hGG axis rather than by placental hypertrophy 
in diabetic pregnancy. 


We wish to thank Drs. C. Valdes, R. Carpenter, D. 
Cotton, and S. Faro and the resident staff of Jefferson 
Davis Hospital for help in obtaining placental samples 
and Ms..Carol Rafferty, RN, for assistance in following 
up patients throughout pregnancy. 
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Cesarean section: The House of Horne revisited 


Kenneth J. Leveno, MD, F. Gary Cunningham, MD, and Jack A. Pritchard, MD 


Dallas, Texas 


In 1983, obstetricians from Dublin, Ireland, alleged that the perinatal mortality rate in the United States 
could be achieved with a cesarean section rate of approximately 5%. We responded in 1985 that 
population and infant outcome differences precluded such a low rate of cesarean sections at Parkland 
Memorial Hospital. The Dublin obstetricians responded 3 years later that it was unfair to.compare obstetric 
services for only 1 year (1983). We respond again. (Am J OssteT GYNECOL 1989;160:78-9.) 


Key words: Cesaréan section comparison 


“A note of caution must be sounded before compar- 
ison is made between perinatal results taken from med- 
ical centers located on different continents.” So reads 
the introductory statement of the discussion: by O’Dris- 
coll and Foley’ in their 1983 report criticizing the use 
of cesarean section in the United States. However, the 
sameé paragraph ends with “the high incidence of ce- 
sarean section now prevalent in the United States is not 
supported by results because by analogy with Dublin 
(National Maternity Hospital), the same perinatal mor- 
tality rates can be achieved with less than one third the 
number of sections now performed.” 

Three years later, in our report,? we responded to 
this analogy by comparing perinatal outcomes from the 
National Maternity Hospital with those from Parkland 
Memorial Hospital. We advised “caution before one 
attempts to emulate on faith alone, someone else’s low 
and seemingly safe cesarean delivery rate.” O’Driscoll 
et al? responded, claiming emphatically that it was un- 
fair to compare perinatal results from two obstetric 
services for only 1 year. Specifically, they alleged that 
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e “took the somewhat unorthodox step of making 
detailed comparisons on the basis of figures for one 
year only between obstetric units located on different 
continents.” Our purpose now is to offer undetailed 
comparisons of perinatal outcomes from these two ob- 
stetric units in 1983, 1984, and 1985. Statistical analysis 
is omitted to avoid implying “a genres of mathematical 
precision that simply did not obtain.” 

Table I shows the number of births and perinatal 
deaths and the perinatal mortality rates at the two ob- 
stetric units during 1983, 1984, and 1985. Indeed, the 
overall perinatal mortality rates are equivalent as 
O’Driscoll et al. ° repeatedly have insisted. However, 
and as shown in Table IJ, the incidence of low-birth- 
weight infants is very different, as are the perinatal 
mortality rates for these infants. Finally, and as also 
shown in Table II, the perinatal mortality rates for 
infants who weighed =2501 gm are quite different. We 
conclude from this simple analysis of perinatal mor- 
tality on the basis of birth weight only that there are 
significant differences between’ these two obstetric 
units. Although the overall perinatal mortality rates are 
equivalent, this is true only because there were almost 
fivefold more low-birth-weight infants at our institution 
(423] at Parkland versus 929 at National Maternity 
Hospital). | 

On that fateful day in 1904, when Leopold Bloom 
fell silent at the House of Horne whilst pondering wom- 
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Table I. Births, perinatal deaths, and perinatal mortality rates of two obstetric services in Dublin, Ireland, 


and Dallas, Texas, in 1983, 1984, and 1985 


Factor National Maternity Hospual 


23,590 


Total births 
Perinatal deaths 
Perinatal mortality rate 


en’s woe,’ it should be remembered that the character 
who prompted the pondering was Mina Purefoy, whose 
woe was 3 days in labor.‘ Clearly, the House of Horne’s 
spiritual heirs are actively preoccupied with Mrs. 
Purefoy’s woe.” We have no quarrel with the general 
concept of active labor management, and indeed we 
endorse disciplined management to avoid unwarranted 
diagnoses of dystocia. However, we continue to em- 
phasize that unwary comparison of perinatal mortality 
and cesarean section rates on two continents grossly 
oversimplifies the issues. Whereas it is likely that ce- 
sarean section is overused in the United States, as we 
previously stated, it is not our purpose to advocate an 
ideal operative delivery rate.” Moreover, when cesarean 
section rates are debated, we are compelled to ask not 
only “How high is too high?” but also “How low is too 
low?” We suspect that O’Driscoll and his colleagues may 
have answered the second question. The differences 
now reported demand explanation before far-ranging 
analogies about cesarean delivery rates are made. Again 
we advise “caution before one attempts to emulate, on 
faith alone, someone else’s low and seemingly safe ce- 
sarean delivery rate.”® Finally, we are in total agreement 
with O’Driscoll et al.’ that “a note of caution must be 
sounded before comparison is made between perinatal 
results taken from medical centers located on different 
continents.” 

On that fateful day, when Mina Purefoy finally gave 
birth at the House of Horne, the newborn boy was 
‘heralded as “wombfruit.”* We remain concerned that 


16/1,000 


Parkland Memorial Hospital 


36,001 
595 
17/1,000 


Table II. Comparison of perinatal mortality of 
low-birth-weight infants (<2500 gm) and birth 
weights >2500 gm at two obstetric services in 
1983, 1984, and 1985 













National Parkland 





Maternity Memorial 
Factor Hospital Hospital 
Total births 23,590 36,001 
Low-birth-weight infants 929 4,231 
Incidence 39/ 1,000 118/1,000 
Perinatal deaths 227 485 
Perinatal mortality 244/1,000 115/1,000 
Births 2501 = gm 22,661 31,770 


Perinatal deaths 153 110 
Perinatal mortality 7/1,000 3/1,000 





the comparison of wombfruit from different obstetric 
services on different continents includes apples, 
oranges, and lemons. 
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Respiratory failure in asthma during the third trimester: Report 


of two cases 


Leonard Schreier, MD, Robert M. Cutler, MD, and Vijay Saigal, MD 


Pontiac and Detroit, Michigan 


We are reporting the cases of two pregnant women with life-threatening asthma, who required mechanical 
ventilation of the lungs and later were delivered of healthy infants. Maintenance of an adequate Pao, is 
essential in such cases. To accepted asthma therapy, we added a warm metaproterenol—saline solution 
irrigation and suction, which functions like bronchoalveolar lavage to facilitate recovery. (AM J OBSTET 


GYNECOL 1989;160:80-1.) 


Key words: Bronchoalveolar lavage, arterial blood gases, intravenous push, intravenous 


piggyback, intensive care unit 


Progressive status asthmaticus can lead to life- 
threatening asthma, which requires mechanical venti- 
lation. In a pregnant woman, this threat and the ther- 
apy problems also involve the fetus. Termination of 
pregnancy has been used to reverse the status and to 
save the mother’s life.‘ We report the cases of two 
women in the third trimester with successful ventilation 
of the lungs because of life-threatening asthma who 
later were delivered of healthy infants. 


Case reports 


Case 1. A 29-year-old woman at 32 weeks’ gestation 
was admitted on December 29, 1985, to St. Joseph 
Mercy Hospital with asthma that was unresponsive to 
subcutaneous epinephrine and a metaproterenol sul- 
fate updraft. She had had asthma for 15 years and 
required corticosteroids at least once a year. One 6- 
month pregnancy had been lost as a result of a severe 
asthma attack. She refused corticosteroids until we saw 
her in consultation. She was acutely dyspneic, with in- 
spiratory and expiratory wheezes. Respiration rate was 
36 and pulse rate was 120. Arterial blood gas analysis 
with 30% oxygen revealed a pH of 7.42, Paco, of 27 
mm Hg, and Pao, of 74 mm Hg with oxygen saturation 
of 95%. Methylprednisolone in the amount of 125 mg 
was given by intravenous push, with 40 mg given by 
intravenous piggyback every 6 hours thereafter. Ami- 
nophylline, 1200 mg over 24 hours and updraft with 
0.5 ml isoetharine in 2 ml saline solution every hour 
was begun. Because of increasing dyspnea, the patient 
was transferred to the intensive care unit on December 
30, 1985, and methylprednisolone was increased to 125 
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mg every 6 hours by intravenous piggyback and ter- 
butaline, 0.25 ml administered subcutaneously every 4 
hours, was added. A tube was inserted and the lungs 
were ventilated during the evening of December 31, 
1985, after she became confused and agitated. She had 
a Paco, measurement of 62 mm Hg and pH of 7.23. 
During ventilation the Pao, value remained >90 mm 


. Hg. After January 1, 1986, all Paco, values were <40 


mm Hg. A warm metaproterenol-saline solution (2 
drops metaproterenol inhalant solution in 10 ml saline 
solution) was used for bronchial irrigation and suction 
every 3 hours. A perinatologist and a neonatologist 
were consulted and concurred that, with adequate ox- 
ygenation, pregnancy should not be interrupted. The 
patient’s condition rapidly improved after January 3, 
1986, and the tube was removed on January 5, 1986. 
The patient was switched to oral theophylline and ste- 
roids on January 8, 1986, with steroids tapered daily. 
On January 8, 1986, she went into spontaneous labor 
and was delivered of a 2340 gm male infant with an 
Apgar score of 6 at 5 minutes. The lungs were me- 
chanically ventilated for his first 2 days. Both mother 
and infant were discharged on January 16, 1986. 
Case 2. A 32-year-old woman, gravida 8, para 3, 
aborta 4, at 28 weeks’ gestation was admitted on Jan- 
uary 9, 1987, with a 2-day history of increasingly severe 
asthma that had not responded to a 0.3 ml subcuta- 
neous injection of 1: 1000 epinephrine. A metaproter- 
enol updraft and a 100 mg aminophylline bolus were 
administered in the emergency room. The patient had 
had asthma since the age of 18. When admitted, she 
was dyspneic at rest with a respiration rate of 36, a 
pulse rate of 136, and bilateral wheezes. Arterial blood 
gas analysis revealed a pH of 7.42, Paco, of 31 mm Hg, 
and Pao, of 56 mm Hg. Despite administration of 60 
mg of intravenous methylprednisolone, 40% oxygen 
through a Venti-mask (Hudson, Temecula, Calif.), 1000 
mg aminophylline drip over 24 hours, and updraft with 
0.2 ml terbutaline—3 ml saline solution every 3 hours 
along with 0.25 ml terbutaline subcutaneously every 8 
hours, her condition deteriorated. At 12 hourg after 
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admission we examined her and arterial blood gas 
analysis revealed a pH of 7.21, Pco, of 57 mm Hg, 
and P>, of 80 mm Hg. A tube was inserted and the 
lungs were ventilated. Intravenous methylprednisolone 
was increased to 80 mg every 6 hours. A warm 
metaproterenol—saline solution (see above) irrigation 
with suction every 3 hours was added. The lowest PAO, 
on the ventilator was 71 mm Hg. The patient’s con- 


dition slowly improved, and the tube was removed on . 


January 12, 1987. She had no additional problems and 
was discharged on a tapered corticosteroid regimen on 
Januazy 19, 1987. On April 8, 1987, she was delivered 
of a 7 pound 7 ounce female infant with an Apgar 
score of 9 at 5 minutes. The baby has done well. 


Comment 


Severe asthma that requires intubation with mechan- 
ical veatilation imposes multiple problems that are com- 
pounced in a pregnant women because the fetus also 
is a patient. Some authors have advocated termination 
of the pregnancy.” Others have suggested bronchoal- 
veolar lavage in an attempt to successfully manage 
pregnant women who required mechanical ventilation.’ 

We report two cases of pregnant women who re- 
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quired mechanical ventilation, which was done suc- 
cessfully for 5 and 3 days, respectively. By maintenance 
of an adequate PAO,, we markedly reduced the fetal 
risk and obviated any reason to terminate either preg- 
nancy. In addition to accepted pharmacologic therapy 
(aminophylline, corticosteroids, albuterol, and terbu- 
taline), for severe asthma, even in pregnancy, we used 
a warm metaproterenol—saline solution irrigation and 
suction every 3 hours thereafter while the lungs were 
ventilated. This often returned mucous plugs and ac- 
complished something similar to bronchoalveolar la- 
vage. We believe irrigation and suction is a useful 
therapeutic addition in asthmatic patients who require 
mechanical ventilation of the lungs. 
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Gynecologic screening examinations: Does the 


obstetrician-gynecologist’s spouse comply? 


B. Petrikovsky, MD, PhD, M. Cohen, MD, and J. W. Andreoli, Jr., MD, PhD 


Farmington, Connecticut 


The practicing obstetrician-gynecologist has certainly moved toward more active teaching and 
encouragement of preventive medical measures during the past decade. The purpose of this study was to 
determine how these measures espoused by the practitioner are applied in the physician’s family setting. 
To accomplish this, 5000 questionnaires were sent to actively practicing obstetrician-gynecologists. 
Questions pertained to health habits as well as socia! and demographic issues. The results revealed that 
preventive medical practices, which have a high impact on morbidity and mortality, were not practiced to a 
significant degree by the spouses of obstetrician-gynecologists. Approximately 17% of the spouses did not 
have yearly Papanicolaou smears. Women older than 55 years of age were less likely to have this 
screening test than their younger cohorts. Only 65% perform breast self-examination, and 36% did not 
have screening mammography performed when recommended. In the postmenopausal group, 57% of the 
spouses did not receive estrogen replacement therapy, whereas 32% had both estrogen- and progestrone 
replacement therapy and 11% took estrogen alone. Contraceptive measures used by respondents 
indicated essentially equal distribution among methods available. The majority of the physicians who 
responded indicated they did not smoke (84%), did not use illegal drugs (99%), and used alcohol 
occasionally or not at all (71%). (Am J OBsTET GynecoL 1989;160:82-5.) . 


Key words: Screening tests, patient acceptance of health care, physician’s spouse 


The general obstetrician-gynecologist spends a great 
deal of time in the performance of screening proce- 
dures such as Papanicolaou smears, discussion of the 
merits of mammography, instruction in breast self- 
examination, and explanations of the relative harm of 
smoking and alcohol consumption and the benefits of 
estrogen replacement therapy. The importance of pre- 
ventive medicine has been widely discussed in numer- 
ous articles in medical and lay journals. It is therefore 
reasonable to assume that a significant portion of any 
physician’s time and efforts involves preventive prac- 
tices. 

The goal of this study was to examine how 
obstetrician-gynecologists reinforce these issues in their 
families. Specifically, does the spouse of the practitioner 
undergo the preventive screening procedures recom- 
mended for patients? To examine this issue, 5000 
questionnaires were sent to practicing obstetrician- 
gynecologists registered in the United States. 
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Table I. Age distribution of 
participating physicians 


Age group (yr) | No. of physicians 


<35 76 
36 to 45 150 
46 to 55 120 
56 to 65 112 
265 26 
No responses _10 
TOTAL 494 


Material and methods 


The study was performed from January through 
June 1986. Questionnaires were sent to 5000 physi- 
cians. The list of physicians was derived from a com- 
puterized list of licensed and registered physicians who 
practice obstetrics and gynecology in the United States. 
A random-number generator was used to select the 
participants. 

The questionnaire pointed out information pertinent 
to demographic and social characteristics as well as 
health habits of the participating physicians. The 
obstetrician-gynecologists were asked questions with 
regard to annual Papanicolaou smears, breast self- 
examination, mammography, hormonal replacement 
therapy, contraceptive measures, smoking habits, and 
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Table II. Frequency of Papanicolau smear test 





Less than yearly test 


Age of spouse 


Yearly test | 


Gynecologic screening examinations 83 








<55 years 41 12.6 285 87.4 326 79 
>56 years 28 32.0% 58 67.4 86 21 
No response 82 
TOTAL 69 16.8 343 83.2 494 

*h = <0.05. 


Table III. Frequency of breast self-examination 





Do not perform exam 
Age of spouse 


<49 years 106 34 
>50 years 
No response 


TOTAL 132 34 









Perform exam 





206 66 312 80.4 
50 65.8 76 19.6 
106 
256 66 494 





the use of alcohol and illicit drugs by the practitioner 
or spouse. A personal letter to explain the goals of the 
study was enclosed with a return envelope addressed 
to the investigators and printed with a designation to 
guarantee payment of postage. Answers of women 
obstetrician-gynecologists were analyzed separately and 
were not included in this report. 

Survey results were analyzed by means of the x? test 
to determine whether the observance of certain pre- 
ventive practices of the respondents’ spouses were re- 
lated to different age groups. 


Results 


Questionnaires were sent to 5000 registered 
obstetrician-gynecologists, and 494 responses were re- 
ceived. This translated into a response rate of 9.68% 
on the basis of one mailing. When incorrectly addressed 
and other undelivered envelopes were excluded, the 
response rate was 25.2%. 

The age distribution of the study participants is listed 
in ‘Table I. The majority of responding physicians are 
involved in the practice of general obstetrics and gy- 
necology. (76%), whereas 17% are subspecialty practi- 


tioners. Approximately 40% have been in practice <10 


years, 36% for 11 to 20 years, and 24% for =21 years. 


The group consisted of 414 married, 48 single, 30 di- 


vorced, and 2 widowed practitioners. 

Papanicolaou. smears. The American College of Ob- 
stetricians and Gynecologists (ACOG) recommends än- 
nual Papanicolaou smears for all women before or soon 


after the initiation of sexual activity.' As demonstrated ` 


in Table II, 41 of 326 spouses younger than 55 years 
of age had Papanicolaou smears performed less fre- 
quently than yearly. In contrast, 28 of 86 spouses older 
than 55 years had Papanicolaou smears performed less 
frequently than yearly. The incidence of 12.6% in the 
group younger than 55 years, compared with 32.6% in 
the group older than 55 years, was statistically signif- 
icant. 

Breast self-examination. When one compares the 
frequency of monthly breast self-examination, there- 
appears to be no statistical difference between the 
groups. Table III illustrates that 34% of the spouses in 
the group younger than 49 years old and 34.2% of 
those older than 50 years did not perform monthly 
breast self-examinations. It should be pointed out that 
one third of the total population in this study did not 
perform monthly breast self-examinations. 

Mammography. The ACOG recommends that a . 
“baseline mammogram” be performed between 35 and 
50 years of age, with yearly mammograms for women 
older than 50 years.? Respondents younger than 35 
years and those with pathologic conditions in the breast 
were not included in the analysis. Table IV indicates 
that 41.1% of women younger than 50 years and 19% 
older than 50 years were not in compliance with ACOG 
mammography recommendations (p < 0.05). 

Estrogen replacement therapy. All practitioners in 
the appropriate age group were asked if their wives 
underwent estrogen-replacement therapy after meno- 
pause. In women for whom estrogen replacement ther- 
apy was contraindicated, the information was excluded 
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Table IV. Compliance with ACOG mammography recommendatioris 








Age of spouse 
<49 years 102 14.1 146 ` 58.9 248 76 
>50 years 15 19 64 81 79 24 
No response 167 
TOTAL: - 117 36 210 64 494 

*h = <0.05. 


Table V. Birth control methods in 
physicians’ families 


-Birth control methods i | Users (n) 


None _ l 104 
Tubal ligation 82 
Vasectomy 80 
Barrier 64 
Oral contraceptives 42 
Intrauterine contraceptive device 28 
Rhythm 10 
Interrupted intercourse 6 
No response 18 
TOTAL o 494 


Table VI. Drinking habits in study participants 










Alcohol 
"consumption | 





Physicrans (n) 


None . 124 
Social drinkers 216 
l drink/day: 78 
l to 3 drinks/day 56 
>3 drinks/day 10 
No response _10 
TOTAL l 494 


from analysis. The ACOG published its recommen- 
dations with regard to estrogen replacement therapy 
in 1983.2 One hundred responses were analyzed. There 
were 57 women (57%)-who did not receive any form 
of estrogen replacement therapy. In contrast, 32 (32 7) 
spouses underwent a combination of estrogen and pro- 
gesterone therapy, whereas 11 (11%) received estrogen 
alone. 

. Contraceptive measures. The distribution of contra- 
ceptive measures used by the resporidents i is shown in 
Table V. Surgical sterilization was used by 34% of the 
respondents, with equal distribution between tubal li- 
gation and vasectomy. Barrier methods of contiacep- 
tion were used by 13% of the respondents, and 3% of 
the spouses took oral contraceptive pills. Approxi- 


Table VII. Smoking habits of 
study participants 


| ‘Smoking habits | Physicians (n) 


None 406 
Occasional smokers 34 
l- to 10 cigarettes/day 16 
>10 cigarettes/day 28 
No response _10 
TOTAL 494 


mately 25% of the respondents did not practice any 
method of contraception on a regular basis. 

Alcohol, smoking, and drug use. Tables VI and VII 
reflect the frequency of alcohol consumption and the 
smoking habits of the physicians. The majority of re- 
spondents consumed alcohol socially (45%) and did not 
smoke (84%). In addition, 99% of the group stated that 
they did not use illegal drugs. 


Comment 


During the past decade patients have become more 
health conscious. This had led to an increase in aware- 
ness of preventive medical practices. Because of this, 
physicians spend a greater portion of their office prac- 
tice in the discussion and recommendation of various 
types of preventive measures. Our study deals with the 
issues of how obstetrician-gynecologists who encourage 
these preventive measures influence these practices in 
their families. We accept that in most cases decisions 
with regard to family matters are made in a mutual 
process that involves both the physician and the spouse. 
Therefore, despite encouragement, the practices may 
not necessarily be carried out by the spouse. In addi- 
tion, in view of the nature of the study (mailed ques- 
tionnaire study), there is a possibility that responding 
physicians may be those who influenced their spouses 
to carry out the recommended preventive measures. 
However, Anderson‘ studied the response of physicians 
to a mailed questionnaire and concluded there is no 
evident relationship between response rate and phy- 





sician characteristics such as location and nature of 
practice and age, The usual response rate to a single 
mailing of a questionnarie varies between 30% and 
50%.) We consider our “corrected” rate of 25.2% ac- 
ceptable because of the private nature of the questions. 
Typical reasons for failure to respond are time prob- 
lems, lack of physician motivation, and handling of mail 
by an office clerk.‘ 

Analysis of the data reveals certain interesting find- 
ings that occur when the spouse's age is considered. 
Although the majority of women, regardless of age, 
were likely to have yearly Papanicolaou smears, there 
was a significant difference in the group that did not 
have yearly smears as recommended by the ACOG. 
Women older than 55 years of age were more likely not 
to have a yearly Papanicolaou smear evaluation than 
were women younger than 55 years. The reason for 
the variance cannot be ascertained from the question- 
naire. However, one suggestion is that this may be re- 
lated to the spouse’s impression that she is not at great 
risk of cervical cancer after age 55. 

In contrast, when we compared the compliance of 
women who have mammography performed, it is more 
likely that those younger than 50 years do not have this 
screening procedure at the recommended intervals. 
The reason for the significant difference cannot be as- 
certained from the data; however, it may be that the 
women do not perceive a significant risk of breast can- 
cer until after the age of 50. It also is possible that the 
practicing obstetrician-gynecologist does not fully be- 
lieve in the usefulness of mammography before the 
woman reaches age 50. As it relates to mammography, 
questions were asked with regard to the frequency of 
breast self-examination. Although there was no statis- 
tically significant difference between the groups, it is 
interesting to note that approximately 34% of the 
women did not perform breast self-examination, re- 
gardless of age. In our opinion, this is a surprisingly 
high number of physician’s spouses who did not per- 
form this simple yet important self-screening test. How- 
ever, when compared with the general population, 
these numbers look somewhat reassuring. According 
to the results of an epidemiologic study performed in 
Edinburgh, only 13% of middle-aged women practiced 
breast self-examination every month.’ According to the 
authors, patients’ anxiety or fatalism about possible pos- 
itive findings seem to be a barrier to good compliance. 
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Estrogen replacement appeared to be a relatively un- | 


popular therapeutic approach in the postmenopausal. 7 r 
population. Only 43% of the eligible women actually 


participate in estrogen replacement therapy, primarily k 
a combination of estrogen and progesterone regimens. 3 
The medical literature clearly supports the concept of 
estrogen replacement therapy for the prevention of 
osteoporosis, cardiovascular disease, and genitourinary 
problems.*? Therefore it is surprising that <50% of 
the eligible physicians’ spouses actually engage in this 
practice. 

Wells et al.*° completed a questionnaire study of 151 
physicians, including 11 obstetrician-gynecologists, in 
reference to their health habits and concluded that phy- 
sicians with better health habits provided better health 
counseling to a broader range of patients. Physicians 
with poor personal health habits (smoking, excessive 
weight, low exercise activity, and frequent alcohol con- 
sumption) were more unlikely to adequately counsel 
their patients on these issues. Our study suggests that. 
despite ACOG recommendations and the physicians’ 
practice efforts, the physicians’ spouses do not fully 
avail themselves of preventive medical practices. 


We express our deep gratitude to Akiba Keehn, Di- 
rector of Systems and Procedures at Maimonides Med- 
ical Center, and Susan Katz, RN, for their assistance in 
this study. | 
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Fetal intracranial calcifications 





Alessandro Ghidini, MD, Marina Sirtori, MD, Patrizia Vergani, MD, Silvana Mariani, MD, 


Elio Tucci, MD, and Gian Carlo Scola, MD 
Milan and Como, l taly 


in utero sonographic visualization of fetal intracranial calcifications during the second trimester is reported. 
its diagnostic process, which included percutaneous umbilical cord blood sampling and fetal paracentesis, 


is described, (Am J Oaster Gynecot 1989;160:86-7.) 


Key words: Intracranial calcification, intrauterine cytomegalovirus infection, prenatal 


diagnosis 


Fetal intracranial calcifications are rare sonographic 
findings and are thought to occur late in gestation, after 
localized neural cell death. Their visualization during 
the second trimester of pregnancy has never been de- 
scribed. They are most commonly associated with 
in utero infections and their presence implies a grave 
prognosis for the fetus, 


Case report 

A 35-year-old white woman, gravida 2, para 1, was 
referred to our Center at 21 weeks’ gestation because 
a previous sonographic examination elsewhere had 
identified ventriculomegaly and hydrops fetalis. At that 
time an amniocentesis had been performed, and am- 
niotic fuid a-fetoprotein and karyotype were found to 
be normal (46,XX). Our ultrasonographic examination 
revealed a singleton fetus whose biometry was consis- 
tent with gestational age. Intracranial scans visualized 
bilateral dilatation of the posterior horns and atria of 
the later ventricles and small, hyperechogenic areas 
scattered along the ventricular walls and within the pa- 
renchyma, diagnosed as foci of calcification (Fig. 1). No 
structural abnormalities were seen. Amniotic fluid vol- 
ume was normal. The placenta was hypertrophic with 
a maximum thickness of 5.0 cm. An intrauterine in- 
fection was thought to be the most likely cause of 
the sonographic findings. Maternal VDRL, hepat- 
tis B virus, and Listeria blood titers were negative. 
The rubella test was immunoglobulin M negative and 
immunoglobulin G positive at 1:128. The cytomega- 
lovirus titer was immunoglobulin M negative and im- 
munoglobulin G positive at 1:50. The toxoplasmosis 
test result by indirect hemoagglutination was 1:320, 
with enzyme-linked immunosorbent assay immuno- 
globulin M negative. A fetal paracentesis was per- 
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Fig. 1. Cross-section of fetal head at level of biparietal di- 
ameter. Bilateral dilatation of posterior portions of ventricles 
(V) and scattered periventricular hyperechogenic deposits (cal- 
cifications) (arrows) are clearly visible. 


formed at 22 weeks’ gestation, Laboratory findings on 
the ascitic fluid were consistent with exudate. Ascitic 
fluid cultures were negative. A percutaneous umbilical 
cord blood sample yielded fetal blood with minimal 
contamination of amniotic fluid and maternal blood. 
Therefore, true values of fetal hemoglobin and he- 
matocrit could not be determined. However, 94% 
erythroblasts were found (mean at 22 weeks 13%, SD 
9%)? Total immunoglobulin M was 13 mg/dl (mean at 
99 weeks 2.93, SD 0.83) (maternal immunoglobulin M 
80 mg/dl); y-glutamyltransferase was 190 U/L (normal 
range 30 to 35 U/L) (maternal y-glutamyltransferase 
95 U/L)? The parents were informed that the 
sonographic and laboratory data available (erythro- 
blastosis, elevated -y-glutamyltransferase) were highly 
suggestive of severe fetal intrauterine infection that car- 
ried significant risks of in utero fetal death or, in case 
of neonatal survival, a 95% chance of major neurologic 
sequelae. The parents opted for continuation of preg- 
nancy. At 23 weeks’ gestation a spontaneous abortion 
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Fig. 2. Cytomegalovirus encephalitis. Note diffuse reactive glial proliferation on right, whereas 
necrosis with calcification is visible in left part of figure. (Hematoxylin and eosin. Original magni- 
fication X 125.) Inset, Closer view of necrotic-calcitied area. Note enlarged cells, many with intra- 
nuclear inclusions. (Hematoxylin and eosin. Original magnification 500.) 


occurred, and a female fetus was delivered without any 
overt malformations. A pathologic examination failed 
to demonstrate macroscopic anomalies with the excep- 
tion of mild early hydrocephalus. On microscopic ex- 
amination, the kidneys, pancreas, liver, thyroid, and 
lungs showed epithelial giant cells with intranuclear 
basophil inclusions, typical of cytomegalovirus infec- 
tion. In the central nervous system, foci of necrosis of 
the brain parenchyma with associated calcifications 
were found. Enlarged neuronal and glial elements with 
intranuclear cytomegalovirus inclusions were noted 
with no reactive microglial or astroglial proliferation 
(Fig. 2). 


Comment 


The natural history of congenital infections is poorly 
understood. Most data are derived from the neonatal 
and pediatric literature, and itis still unclear how timing 
of infection correlates with pathologic findings. Infec- 
tious agents, like toxoplasma, cytomegalovirus, type 2 
herpes simplex virus, and rubella virus, reach the fetal 
central nervous system via the bloodstream and have a 
predilection for the rapidly growing subependymal or 
germinal matrix cells. All of these organisms may cause 
severe cerebral malformations (microcephaly, hydro- 
cephalus, porencephalic cysts) and meningoencepha- 
litis. Neuronal and glial necrosis also may be present, 
more commonly with cytomegalovirus and toxoplas- 
mosis infections. Necrotic cells may subsequently un- 
dergo a process of calcification, leading to the typical 
periventricular deposits. 

Differential diagnosis of fetal intracranial calcifica- 
tions includes basically noninfectious and infectious 


causes. The former are extremely rare at this early stage 
of life and include intracranial teratomas, tuberous scle- 
rosis, Sturge-Weber syndrome, and sagittal or trans- 
verse sinus thrombosis. The latter are more commonly 
associated with extracranial findings, including hepa- 
tosplenomegaly, ascites, hydrops, intrauterine growth 
retardation, and hyperplacentosis. Fetal infections are 
most often accompanied by a seroconversion of ma- 
ternal titers. If maternal titers are not suggestive of a 
recently acquired immunity, as in our case, percuta- 
neous umbilical blood sampling may allow for the di- 
agnosis. The presence of specific fetal immunoglobulin 
M titers is diagnostic. However, the fetus does not pro- 
duce serum immunoglobulin M until the eighteenth to 
twentieth week of gestation.” 

A characteristic of cytomegalovirus infection (as with 
other herpesviruses) is that, after primary infection, 
latency is established and periodic episodes of reacti- 
vation can occur. Most primary and reactivated infec- 
tions are subclinical, but during pregnancy they may 
cause serious infections in the fetus with a risk of per- 
manent sequelae and developmental impairments. The 
timing and extensions of intracranial calcifications par- 
allel the severity of the perinatal disease. 
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Gravidic macromastia: Case report 


Jean-Gilles Tchabo, MD, and Ellsworth J. Stay, MD 
Washington, DC 


Gravidic macromastia is a rare condition. Breast enlargement in pregnancy is influenced by several 
hormones, including ovarian steroids and somatotropic or lactogenic polypeptide hormone. Evaluation 
showed minimal reactive stromal and periductal fibrosis. The treatment is surgical. (Am J OBSTET GYNECOL 


1989;160:88-9.) 


Key words: Macromastia, complication of pregnancy 


Gravidic macromastia or gigantomastia of pregnancy 
is a diffuse generalized enlargement of the breasts be- 
yond physiologic limits that occurs in conjunction with 
pregnancy, often a second pregnancy. Classically, this 
condition regresses post partum but returns with suc- 
cessive pregnancies. It is believed to be induced by an 
abnormal reaction of the mammary tissue to normal 
hormone stimulation. It is associated with high mor- 
bidity and significant mortality secondary to sloughing, 
hemorrhaging, and infection. The laboratory exami- 
nation is often inconclusive and seldom demarcates any 
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abnormality to explain such an observation. This con- 
dition provokes profound psychological and physical 
effects in the patient. 


Case report 

A 28-year-old woman, gravida 2, para 0, aborta 2, 
was admitted | week after elective abortion at 10 weeks’ 
gestation. She had massive bilateral tender breast en- 
gorgement associated with severe discomfort in her 
shoulder and back. She had had an elective abortion 8 
years previously and subsequently had two lumpecto- 
mies because of benign breast disease. An endocrinol- 
ogist was consulted and an extensive workup was or- 
dered; this consisted of serum progesterone, estradiol, 
adrenocorticotropic hormone, testerone, androstene- 
dione, triiodothyronine and radioimmunoassay tests, 
free thyroxine, thyroid-stimulating hormone, morning 
and evening liver function tests, a computed tomo- 
graphic scan of the head, and a tomogram of the sella 





Fig. 1. Photograph taken on admission shows redness, induration, and bilateral previous lumpectomy 
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Fig. 2. Photograph taken 5 days after admission 


turcica. All results were within normal limits. The se- 
rum luteinizing hormone level was increased slightly. 
The serum growth hormone level was 44.3 to 56.3 
mIU/L (normal = 0 to 20), the serum prolactin level 
was 66.2 to 150 ng/ml (normal = 4 to 30), and the 
serum B-subunit of human chorionic gonadotropin 
level was 189.2 to 298.4 mU/L (normal = 0 to 15). 


The patient was unable to walk upright because of 


the massive size of her breasts (see Figs. | and 2). The 
breasts were tender and warm, with generalized red- 
ness. There was no fluctuance or nipple discharge and 
no axillary or supraclavicular adenopathy. The vulva 
and vagina were normal. The cervix was parous, pale, 
and closed. The uterus was anterior, mobile, regular, 
hrm, of 8 weeks’ size, and nontender. The adnexa were 
not palpable, and a rectal examination did not reveal 
any abnormality. 

The patient underwent a curettage and a contact 
hysteroscopy with general anesthesia. Decidua-like tis- 
sue was obtained. Microscopic study revealed post- 
abortal endometritis and villi. After the surgery the 
breast enlargement stopped and the breasts started to 
decrease in size. The serum luteinizing hormone, the 
B-subunit of human chorionic gonadotropin, and pro- 
lactin levels returned to normal. 

She was treated with dihydroprogesterone (Gyno- 
rest), 10 mg orally twice a day, and was discharged. She 
was readmitted 6 months later and underwent bilateral 
tubal ligation by means of laparoscopy and bilateral 
reduction mammoplasty (2000 and 1800 gm of breast 
tissue were removed from the right and left breasts, 
respectively), with excellent cosmetic results. 


. Note increased vascularization and edema 


Microscopic evaluation of the excised breast tissue 
revealed minimal reactive stromal and periductal fi- 
brosis. Neither distinct edema nor ductal secretory ac- 
tivity was identified. Review of previous breast biopsy 
specimens (1978) revealed fibroadenoma formation. 


Comment 

Because gravidic macromastia appeared during a pe- 
riod of marked hormonal influence, it is reasonable to 
assume the hormones played a significant role in its 
cause. Abnormal liver function also may play a causa- 
tive role, as several phases in the metabolism of these 
hormones take place in the liver. 

A breast target-organ sensitivity may be the cause of 
true gigantomastia. Abnormal fluid retention in the 
intralobular connective tissue, probably secondary to 
changes in hormone metabolism and liver function, 
may be to blame. Although dihydroprogesterone was 
administered to this patient, medical therapy did not 
cause sufficient reduction in breast size and surgery was 
the therapeutic alternative.’ * 
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Recurrent thromboembolism in pregnancy and puerperium 


Is there a need for thromboprophylaxis? 


Lilian Tengborn, MD, PhD, David Bergqvist, MD, PhD,” Thomas Matzsch, MD,” 


Agneta Bergqvist, MD, PhD, and Ulla Hedner, MD, PhD* 


Malmé, Sweden 


By sending a questionnaire (response rate 93%) to 321 women with a history of venous thromboembolism 
and previous coagulation tests, 72 patients were identified who had a total of 87 pregnancies after the 
thromboembolic episode. The main aim of the study was to analyze the influence of prophylaxis during 
pregnancy and delivery on the development of further thromboembolic complications. During pregnancy 
there was no difference in frequency of thromboses between the group given prophylaxis (n = 20) and the 
group not receiving it (n = 67). At delivery the frequency of thrombosis was 5.3% among the 57 women 
given prophylaxis and 11.1% among the 30 without prophylaxis, a difference that is not significant. The 
implication of those findings is discussed both concerning the indications for giving prophylaxis and 
concerning the problem of designing relevant prophylactic trials. (Am J OssteT GYNECOL 1989;160:90-4.) 


Key words: Thrombosis, embolism, pregnancy, puerperium, prophylaxis 


Venous thromboembolism is infrequent in women of 
childbearing age but may develop during pregnancy, 
after delivery, or during medication with estrogen- 
containing oral contraceptives, after various types of 
trauma, or with immobilization. Congenital coagulation 
abnormalities such as deficiency of antithrombin III or 
protein C are rarely found, although it is evident that 
these defects are associated with an increased risk of 
venous thromboembolism in young persons." * 

Once a woman has had an episode of venous throm- 
boembolism, an important question concerning future 
pregnancy is whether prophylaxis should be given. 
Here we report our experience of 72 patients with pre- 
vious venous thromboembolism who had coagulation 
screening tests and who later became pregnant and had 
various types of prophylaxis during pregnancy and de- 
livery. The aim was to retrospectively analyze whether 
prophylaxis diminished the frequency of new throm- 
boembolic episodes during pregnancy and the puer- 
perium. 


Patients 


Questionnaires were sent to 321 patients of repro- 
ductive age who had been examined at the Department 
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for Coagulation Disorders between January 1977 and 
January 1983. The flow of patients is summarized in 
Fig. 1. They had been referred because of venous 
thromboembolisn. and had been examined 3 months 
after the acute episode. The response rate to the ques- 
tionnaire was 93% (299 patients). 

Seventy-two (24.1%) of the responding patients (me- 
dian age 28 years, range 18 to 43) had become pregnant 
after the acute episode, and their hospital records for 
the pregnancies and deliveries were studied. Deep ve- 
nous thrombosis had been diagnosed in 65 and pul- 
monary embolism in seven of the patients. Deep venous 
thrombosis had been confirmed by phlebography in 59 
patients. Two of these patients had had simultaneous 
bilateral deep venous thrombosis, one in connection 
with bronchopneumonia and one during medication 
with oral contraceptives. The location of the deep ve- 
nous thrombosis leading to coagulation testing for each 
patient is shown in Table I. Of the six patients in whom 
deep venous thrombosis had not been verified by phle- 
bography, three had confirmation with plethysmogra- 
phy and one with a technetium 99m plasmin test. In 
the remaining two patients the diagnosis was not ob- 
jectively verified but was considered clinically accurate; 
therefore heparin and oral anticoagulant treatment 
was instituted. In one patient with pulmonary embolism 
the diagnosis was confirmed with pulmonary angiog- 
raphy, and in the other six pulmonary scintigraphy was 
done. 

In at least 14 of the patients the thrombus was lo- 
calized in the iliac vein, and six of these underwent 
thrombectomy. In cases of proximal thrombi there was 
a clear left-sided dominance (39 of 48, 81%). Predis- 
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posing factors for venous thromboembolism were 
found in most cases (Table I). 


Laboratory methods 


At examination done at the Coagulation Laboratory 
3 months after the acute thromboembolic episode, dif- 
ferent methods were used. 

Activated partial thromboplastin time was deter- 
mined with reagent from General Diagnostics (Morris 
Plains, N.J.) in accordance with the manufacturer’s rec- 
ommendations. Prothrombin, proconvertin, factor X, 
fibrinogen, thrombin time, reptilase time, factor VIII 
coagulant activity, and von Willebrand factor antigen, 
were analyzed as described by Nilsson.? Antithrombin 
III was assayed by thé rocket method of Laurell and 
as heparin cofactor with the chromogenic substrate 
S-2238 (KabiVitrum AB, Stockholm, Sweden) accord- 
ing to Abildgaard et al. Plasminogen was assessed 
with a single radial immunodiffusion according to 
Mancini et al. and an amidolytic method with the 
chromogenic substrate S-2251 (KabiVitrum AB, Swe- 
den) as described by Friberger et al.” Protein C activity 
was assayed by the functional assay described by 
Hickton et al.’ 

Fibrinolytic activity was determined with the fibrin 
plate method with human fibrinogen’ after venous oc- 
clusion of the arms for 20 minutes.’ The test was per- 
formed on two consecutive days. 

The reference values used were those commonly ac- 
cepted. Statistical analysis was done with the x’ test. 
p < 0.05 was considered significant. 


Results 


Laboratory tests. The results of the coagulation stud- 
ies are shown in Table II. In 20 patients fibrinolysis 
was considered defective; six of these patients under- 
went additional testing two to four times at intervals of 
3 months to 2 years, fibrinolysis being consistently de- 
creased. In 12 other patients. who underwent additional 
testing, fibrinolysis fluctuated from time to time be- 
tween abnormally low values and normal values. Two 
patients had an antithrombin III deficiency with func- 
_ tonal and immunochemical methods, and both of them 
had impaired fibrinolysis on at least one examination. 

Assay for determination of protein C was not avail- 
able at the Department for Coagulation Disorders at 
the time of first examination of the patients. Assays 
were done later in six of the patients, and decreased 
protein C activity was found in one of them. 

None of the patients had signs of lupus anticoagulant 
(screened with activated partial thromboplastin time), 
abnormal fibrinogen levels, or low or abnormal plas- 
minogen levels. Factor III coagulant activity and von 
Willebrand factor antigen levels were determined 
mainly to reveal the presence of a reactive process, and 
no permanent increase was found in any of the patients. 
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PATIENTS INVESTIGATED AT THE 
DEPARTMENT FOR .COAGULATION 
DISORDER (1977-83), 
QUESTIONNAIRE (1985-86) 






RESPONSE (93 %) 


NOT PREGNANT AFTER 
INITIAL JE. 


PREGNANCY AFTER COAGULATION 
INVESTIGATION 


NO PROPHYLAXIS 


a o/——8.. TE (12%) 


PROPHYLAXIS 
20 ——3 1E (15 %) 


DELIVERIES 
PROPHYLAXIS NO PROPHYLAXIS 
57 30 
3 TE (5.3 %) 3 TE (11 %) 


Fig. 1. Flow chart of patients. 


Thromboembolism during pregnancy. Prophylaxis 
was given as heparin in 20 cases (5000 IU two times in 
11, 10,000 IU two times in one, 12,500 IU two times 
in two, according to activated partial thromboplastin 
time prolongation in five, and an unknown regimen in 
one). Heparin prophylaxis was started at a median of 
the sixteenth week of ‘pregnancy (range, before con- 
ception to week 30). The recurrences of venous throm- 
boembolism in the 72 patients with 87 pregnancies are 
shown in Table III. No prophylaxis was given during 
67 of the pregnancies (77%). No substantial differences 
were found among the patients with or without pro- 
phylaxis concerning age, venous problems, or number 
of pregnancies during the follow-up period (Table IV). 
Five of the patients without prophylaxis developed a 
recurrence of venous thromboembolism during preg- 
nancy (8%, 95% confidence limits 2 to 14). Superficial 
thrombophlebitis developed during three pregnancies 
in two patients not receiving prophylaxis. One patient 
with antithrombin III deficiency did not receive pro- 
phylaxis. The recurrences were between 5 and 15 weeks 
of pregnancy. 

Three of 20 patients (15%, 95% confidence limits 0 
to 31) developed deep venous thrombosis during preg- 
nancy despite prophylaxis. Two of them had received 
heparin 5000 IU subcutaneously twice daily from the 
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Table I. Predisposing factors and location of 
deep venous thrombosis according to. 
phlebography in 59 patients 





Proximal 
Oral contraceptives 18 4 1l 4 
Pregnancy 10 a 0 2 
Puerperium 5 J 2 l 
Cesarean section 0 0 0 
Operation 3 0 0 2 
Fracture 0 0 l 0 
Infection l l 0 0 
Obesity 0 l 0 0 
TOTAL 39 9 4 9 





Proximal deep venous thrombosis denotes popliteal, fem- 
oral, or iliac vein; distal denotes calf veins only thromboses. 
Two of the patients with proximal deep venous thrombosis 
had bilateral thromboses. 


eleventh and fourteenth week of pregnancy, respec- 
tively. The thrombi occurred after 2 weeks of prophy- 
laxis. The third patient had antithrombin III deficiency 
and impaired fibrinolysis. She had prophylaxis with 
heparin even before conception in doses sufficient to 
prolong the activated partial thromboplastin time. She 
previously had thromboembolism twice, once when us- 
ing oral contraceptives. In spite of heparin prophylaxis, 
a third episode of deep venous thrombosis was con- 
firmed by phlebography in one leg before conception. 
A fourth episode confirmed by phlebography in the 
other leg occurred in the early first trimester (week. 5 
to 6). Later during the pregnancy, she periodically re- 
ceived both heparin and a purified antithrombin III 
concentrate (KabiVitrum AB), and no further signs of 
deep venous thrombosis developed. 

` The total frequency of thromboembolism and su- 
perficial thrombophlebitis during pregnancy was 15% 
if prophylaxis was given and 11.9% when no prophy- 
laxis was given, the difference being nonsignificant. All 
recurrences were in patients who initially had throm- 
bosis during pregnancy or while using oral contracep- 
tives. One without prophylaxis had a defective fibri- 
nolytic system; one with prophylaxis had an antithrom- 
bin III deficiency. 

` At delivery, prophylaxis was not given to 30 patients. 
Thirteen received heparin, including one of the pa- 


tients with antithrombin III deficiency and the patient 


with protein C deficiency: The other patient with anti- 
thrombin III deficiency received both dextran and anti- 
thrombin III concentrate. One patient received low- 
dose heparin and antithrombin III concentrate because 
of disseminated intravascular coagulation. The re- 
maining 42 patients received dextran. 

Deep venous thrombosis developed post patin in 
four patients. Two of them did not receive prophylaxis. 
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Table II. Results of coagulation and 
fibrinolytic assessment 
One episode of deep 


venous thrombosis | Two or more episodes 
or pulmonary of deep venous 










Laboratory data embolism thrombosis 
Normal i 46 5 
Defective fibrinolysis 15 3 
Antithrombin III 0 2 
- deficiency 
Protein C deficiency l 0 





Patients with antithrombin III deficiency had, in addition, 
defective fibrinolysis. Bilateral deep venous thrombosis si- 
multaneously was considered as two cases of deep venous 
thrombosis (n = 72). 


One had undergone cesarean section and the other had 
a normal delivery. In the other two patients dextran 
was given but nonetheless thromboembolic complica- 
tions developed. Superficial thrombophlebitis occurred 
in one patient without prophylaxis and in one given 
dextran. Thus the frequency of venous thromboem- 
bolism in the puerperium was 5.3% (95% confidence 
limits 0 to 11) when prophylaxis was given and 11.1% 
(95% confidence limits 0 to 21) when no prophylaxis 
was given. The difference is not statistically significant. 

There were no bleeding complications during preg- 
nancy in the group treated with heparin. All children 
were in good health without an increased tendency to 
bleeding. 


Comment 


The results in this retrospective study indicate that 
the total frequency of thromboembolic complications 
does not differ between women receiving prophylaxis 
and those not receiving it. 

As our coagulation laboratory is a referral laboratory 
for a large number of Swedish hospitals, it is not pos- 
sible to establish the criteria for selecting patients to 
undergo hemostatic testing. 

The incidence of venous thromboembolism during 
pregnancy is low (0.02% to 0.2%) compared with that 
in the postoperative period (about 15% to 70% de- 
pending on the type of operation). It is also low after 
cesarean section; Bergqvist et al.° found a frequency of 
1.8% with plethysmography as the diagnostic meth- 
od. It has been reported that 7% to 30% of women 
with previous venous thromboembolism have recur- 
rences during subsequent pregnancies and the puer- 
perium.’® '' Many authors therefore consider a history 
of venous thromboembolism an indication for prophy- 
laxis during pregnancy. However, objections concern- 
ing the confirmation of the diagnosis in those series 
could be raised since phlebography was done only oc- 
casionally. In our patients, however, 63 of 65 episodes 
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Table III. Outcome of 87 pregnancies and deliveries in 72 patients 






Pregnancy 









Delivery and puerperium 





No thrombotic episodes (n) 17 59 54 i 27 

Deep venous thrombosis and 3 5 2 2 
pulmonary embolism {n) 

Superficial thrombophlobitis (7) 0 9 l l 

TOTAL (n and %) © 20 (23%) 67 (77%) 57 (66%) 30 (34%) 

Frequency of thrombotic epi- 15.0 11.9 D9 11.1 
sodes (%) 


Table IV. Comparison of patients at follow-up 







Pregnancy no. 


No prophylaxis 20 31 l1 4 


Prophylaxis 10 7 2 l 0 


of deep venous thrombosis were diagnosed with objec- 
tive methods, and the diagnosis of pulmonary embo- 
lism in the seven patients also seems to þe well verified. 
The left-sided dominance of proximal thrombi among 
the women we studied is striking but well in accordance 
with other reports of pregnant women or women 
using oral contraceptives.? One important question is 
whether the situation under which the first thrombosis 
developed has any influence on the risk to form throm- 
bosis during pregnancy. Study of this problem would 
require a much larger population because only nine of 
the 59 patients with predisposing factors were not un- 
der a hyperestrogenic influence. However, all recur- 
rences were seen in hyperestrogenic patients. 

In Sweden, as in several other countries, it is strongly 
recommended that heparin, not coumarin derivatives, 
be given at any stage of pregnancy. A teratogenic effect, 
the so-called warfarin embryopathy or chondrodyspla- 
sia punctata, is documented in patients exposed to war- 
farin between. the sixth and ninth weeks of gestation.” 
Thus all patients included in our study had received 
heparin as prophylaxis, except for one patient who re- 
ceived dicoumarin from the fourteenth to the thirty- 
sixth week of two pregnancies. There were no apparent 
side effects of this treatment, and the babies were 
healthy. However, it is important to remember that hep- 
arin is not without complications and risks both for the 
child and for the mother.’* " 

Two important questions concerning heparin pro- 
phylaxis are when to start and which dose is optimal. 
Venous thromboembolism previously has been re- 
ported to occur mainly in the third trimester, but later 
studies have shown about the same frequency in all 
three trimesters.’ '* Recurrences early in the first 


Previous cesarean 


section (no.) Varicosis (no.) 





trimester were also seen in three patients in this study 
(one with antithrombin ITI deficiency and two with nor- 
mal coagulation and fibrinolysis). Heparin adminis- 
tered in the dosage of 5000 IU subcutaneously twice 
daily often has been’ recommended because it is con- 
venient and has proved to be effective as prophylaxis 
against postoperative venous thromboembolism. How- 
ever, pregnancy and operation probably are not com- 
parable in several respects, e.g., lapse of time, estrogen 
levels, and the mechanical effect caused by increasing 
size of the uterus. Moreover, during pregnancy there 
are pronounced alterations in the mechanism of he- 
mostasis such as steadily decreasing fibrinolysis’® and 
significantly reduced levels of functional protein S,” 
i.e., alterations predisposing to thrombosis. Low-dose 
heparin is not effective in patients strongly predisposed 
to thrombotic complications such as patients with me- 
chanical heart valves'® or congenital antithrombin III 
deficiency.' Although there were several dose regimens, 
most patients in our study received low-dose heparin, 
and the recurrences may indicate that more intensive 
heparin prophylaxis should be given to specially se- 
lected patients at risk. Thus Hellgren and Nygards’® 
initially gave 12,500 IU twice daily, after which the dose 
was adjusted according to the activated partial throm- 
boplastin time. Hahn” used a portable infusion pump 
ard analyzed anti—Factor Xa levels to monitor heparin 
dosage. The dose recommended by Weiner” is 7500 
IU twice daily from 13 weeks’ gestation and 10,000 IU 
twice daily from 30 weeks’ gestation. This regimen has 
taken into account increased heparin tolerance during 
pregnancy, but there are no hard data to support the 


‘dosage regimen. There is a total lack of controlled tials 


dealing \ with this problem. 
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This study is retrospective and there may have been 
various criteria for giving or not giving prophylaxis; 
therefore the groups may not be comparable. None- 
theless, the frequencies of thromboembolic complica- 
tions were very similar. The only way to answer the 
question of whether patients with prévious venous 
thromboembolism should have prophylaxis during 
subsequent pregnancies is to perform a prospective 
randomized study. On the basis of the frequency in the 
control group taken from our data‘and with the sup- 
position that an increase in heparin dosage (above 5000 
IU twice daily) would reduce the frequency by 50%, 
about 400 patients would be needed to show a differ- 
ence to be statistically significant witha reasonable 
power. This number is not easily obtained and would 
probably have to include all possible patients in Sweden 
for a considerable period of time. Moreover, diagnostic 
problems would most certainly appear. How should 
screening take place and how often should it be done? 
In designing such a study, consideration must also be 
given to the long-term effects of heparin with a possible 
risk for osteoporosis. 

Termination of pregnancy, by either a normal vag- 
inal delivery or a cesarean section, induces a further 
risk for venous thromboembolism. This is reflected in 
the fact that more patients were given prophylaxis dur- 
ing delivery than during the predélivery period. In fact, 
in this study there was a 48% reduction of the frequency 
of thromboembolic complications in favor of the group 
given prophylaxis, but the numbers are too small to 
show any statistically conclusive reduction. In fact, the 
difference in the frequency of thrombosis was of the 
order of magnitude just discussed concerning prophy- 
laxis during pregnancy. To show the obtained differ- 
ence to be true in a randomized study, some 400 pa- 
tients would be needed. The number is still high and 
a multicenter trial is needed. However, it concerns a 
shorter period of prophylaxis than several months of 
pregnancy, and probably dextran would be the alter- 
native during this special high-risk period. 

So far, the conclusion must be that prophylaxis dur- 
ing pregnancy should be given only to patients with 
more risk factors than just a previous thromboembolic 
episode. The need for large-scale trials is apparent. 
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Enhanced thrombin generation in normal and 


hypertensive pregnancy 


Karin de Boer, MD, Jan W. ten Cate, MD, PhD, Augueste Sturk, PhD, 


Judocus J. J. Borm, MD, and Pieter E. Treffers, MD, PhD 


Amsterdam, The Netherlands 


We investigated the plasma levels of thrombin-antithrombin III complexes in women with uncomplicated 
pregnancy, patients with preeclampsia, gestational hypertension, and nonpregnant control subjects. In 
addition, we measured the coagulation inhibitors antithrombin Ill, protein C, and protein S. In normal 
pregnancy we observed a progressive increase in plasma thrombin-antithrombin III levels and a decrease 
in protein S levels. In preeclampsia we observed increased thrombin-antithrombin III levels, reduced 
antithrombin III and protein C levels, and no further reduction of protein S compared with normal 
pregnancy. These new methods provide solid evidence for a prethrombotic state in normal pregnancy, 
especially in preeclampsia. (AM J Osstet GYNECOL 1989;160:95-100.) 


Key words: Thrombin-antithrombin III complexes, protein C, protein S, pregnancy, 


preeclampsia 


Normal pregnancy is associated with impressive 
changes in the hemostatic mechanism, that is, overall 
increased levels of coagulation factors' and suppression 
of fibrinolysis.? These changes have been implicated in 
the enhanced risk for thromboembolism in pregnancy. 
This risk has been estimated to be sixfold of that in 
nonpregnant women.* The incidence of clinically di- 
agnosed thromboembolism in pregnancy ranges be- 
tween 0.35% and 0.7%, with most cases occurring 
within the third trimester of pregnancy.** The in- 
creased levels of coagulation factors and suppression 
of fibrinolytic activity are more pronounced during the 
third trimester. In addition, plasma levels of the co- 
agulation inhibitor protein S are decreased during 
pregnancy,” whereas the levels of the inhibitors anti- 
thrombin HI and protein C remain normal.’”® The com- 
bined changes within the hemostatic mechanism in 
pregnancy are defined as hypercoagulable or pre- 
thrombotic state. Recently developed laboratory ‘meth- 
ods allow precise measurement of the activation status 
of the coagulation pathway. These methods include de- 
tection of activation peptides of coagulation factors, or 
more directly, of thrombin activity. Such tests will result 
in a more precise definition of the prethrombotic state. 

Thrombin, the key enzyme that converts fibrinogen 
to fibrin, is gradually inactivated by the inhibitor anti- 
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thrombin III. This inactivation proceeds by 1:1 mo- 
lecular complex formation and concurrent inactivation 
of thrombin serine-esterase activity. Therefore in vivo 
generation of thrombin-antithrombin III complexes is 
a molecular marker of thrombin formation and thus 
of activation of the blood coagulation system. Patients 
at high risk for thromboembolism were found to 
have increased plasma levels of these thrombin- 
antithrombin III complexes.’° 

We investigated women with uncomplicated preg- 
nancy to assess the activation status of blood coagulation 
in different trimesters of pregnancy. In addition, 
women with a hypertensive pregnancy, a clinical con- 


‘dition known to be associated with enhanced activation 


of blood coagulation and an increased risk of puerperal 
deep vein thrombosis,’ were included in this study. We 
determined thrombin-antithrombin III complexes con- 
currently with the main inhibitors of blood coagulation, 
that is, antithrombin III, protein C, and protein S, to 
provide solid evidence of a prethrombotic state in preg- 
nancy. 


Material and methods 


Subjects. Plasma samples were obtained from 79 con- 
secutive normal pregnant women (38 nulliparous and 
39 multiparous) visiting the outpatient clinic for pre- 
natal care and from 24 consecutive nulliparous inpa- 
tients admitted for preeclampsia or gestational hyper- 
tension. To allow comparison of the hypertensive 
patients with normal pregnancy, each hypertensive pa- 
tient was matched with a normal pregnant woman of 
similar gestational age and parity selected from the 79 
women. A nonpregnant control group consisted of 30 
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Table I. Obstetric data in preeclampsia and gestational hypertension and matched normal 
pregnant controls 

























Normal Gestational Normal 
Preeclampsia pregnancy hypertension pregnancy 
Significance (n = 15) (n = 9) Significance (n = 9) 










Age (yr) 
Mean 26.9 25.8 27.6 26.6 
SD 4.7 3.6 6.2 6.0 
Range 18-38 19-31 21-40 18-36 


Gestation at 
sampling (wk) 


Mean -32.6 32.4 36.6 36.2 
SD 3.9 3.8 3.1 2.9 
Range 28-40 29-39 30-40 30-40 


Diastolic blood 
pressure (mm Hg) 


Mean 109.0 p < 0.002 68.8 ` 106.7 p < 0.002 72.3 

SD 8.1 8.3 5.0 8.3 

Range 100-125 60-85 100-115 ' 55-85 
Gestation at 

delivery (wk) : 

Mean 34.5 p < 0.002 40.3 38.9 39.8 - 

SD 4.0 1.5 3.1 1.4 

Range 28-41 37-42 31-40 38-42 
Birth weight 

(gm) , | 

Mean 1660 p < 0.002 3413 2659 3262 

SD 724 583 825 203 

Range 640-3420 2250-4220 900-3420 3020-3580 


women of childbearing age who were nonusers of hor- 
monal contraceptives. 

Normal pregnancy was defined as singleton preg- 
nancy, a diastolic blood pressure of <85 mm Hg, and 
without proteinuria. An additional criterion was a nor- 
mal outcome of pregnancy, that is, term delivery and 
a birth weight above the tenth percentile. 

Preeclampsia was defined as a diastolic blood pres- 
sure of =100 mm Hg onat least two different occasions 
more than 6 hours apart and a rise of >20 mm Hg 
during pregnancy and proteinuria of 20.3 gm/24 hr. 
Gestational hypertension was defined on the basis of 
the same criteria except for proteinuria. Only nulli- 
parous patients were included. 

The obstetric data of the matched pregnant women 
are provided in Table I. 

Blood collection and plasma preparation. Blood was 
collected concurrently with routine investigations of 
other parameters. An oral informed consent procedure 
was performed before additional blood samples for co- 
agulation studies were obtained. 

Blood (9 vol) was obtained from an antecubital vein 
by a 19-gauge butterfly needle and collected in coded 
plastic tubes containing trisodium citrate—dihydrate 
3.2% (1 vol). Plasma was obtained by centrifugation at 
1600 g for 20 minutes at room temperature and stored 
in small aliquots at —40° C until assayed. All assays 
were performed by technicians unaware of the clinical 


diagnosis. Statistical analysis was performed by an in- 
dependent investigator (J. J. J. B.). 

Methods. Thrombin-antithrombin III complexes 
were measured with kits supplied by Behringwerke 
(Marburg, West Germany). The enzyme-linked im- 
munoassay is based on human thrombin—antibody- 
coated test tubes and measurement of bound 
thrombin-antithrombin III complexes with peroxidase- 
conjugated antithrombin III antibodies."’ Briefly, 100 
wl of buffer solution was added to 100 wl of undiluted 
test plasma, and the mixture was incubated for 30 min- 
utes at 37° C. The tubes were washed twice with a 
phosphate-buffered solution containing a detergent 
(Tween). Then 200 ul of conjugate solution (peroxi- 
dase conjugated rabbit antibodies to human anti- 
thrombin III) was added and again incubated for 30 
minutes. After washing, 200 wl of freshly prepared 
buffer/chromogenic substrate solution was added to 
each tube and incubated for 30 minutes at room tem- 
perature, protected from light. The reaction was 
stopped with sulfuric acid, 0.5 N, and the absorbance 
was measured within 1 hour by means of a spectro- 
photometer at 492 nm against distilled water. As a cal- 
ibration curve, standard plasmas containing 2, 6, 20, 
and 60 ug/L of thrombin-antithrombin III were used. 
A thrombin-antithrombin III control plasma (10 + 2 
ug/L) was included. Standard and control plasma were 
also provided by Behringwerke. 
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Fig. 1. Plasma thrombin-antithrombin III levels in 79 normal 
pregnant women. 


The assay has a detection limit of 0.7 ug of thrombin- 
antithrombin III/L. The intraassay and interassay 
coefficients of variation at 3.3, 11.2, and 42.4 ug/L 
thrombin-antithrombin III levels were 5%, 7%, 8%, 
and 9%, 9%, and 12%, respectively. 

Antithrombin III activity was measured as previ- 
ously described.” Protein C activity was measured 
with a chromogenic substrate method (Behringwerke). 
Briefly, protein C was activated 5 minutes at 37° C by 
the addition of 20 ul of snake venom (Protac) to 10 pl 
of plasma. Subsequently, 200 wl of chromogenic sub- 
strate BCP 300 (9:1 mixture of buffer and substrate) 
was added and incubated for 10 minutes at 37° C. The 
substrate conversion was terminated by the addition of 
50 ul of 40% acetic acid and the absorbance was de- 
termined at 405 nm. Sample blanks contained saline 
solution instead of Protac. The intraassay and inter- 
assay coefficients of variation of pooled normal plasma 
were 1.9% and 3.5%." 

Total protein S antigen was measured by means 
of a recently developed enzyme-linked immunoassay 
(Boehringer Mannheim, West Germany). Free protein 
S was measured by precipitating the C4b-bound protein 
S fraction with polyethylene glycol 8000 and measuring 
the free protein S concentration in the supernatant. 
The intraassay and interassay coefficients of variation 
of total protein S antigen in pooled normal plasma were 
4.8% and 6.5%. 

Routine coagulation tests, including prothrombin 
time, activated partial thromboplastin time, and fibrin- 
ogen, were performed in the standard fashion. Platelets 
were measured on a Coulter counter. 

Because of the nonnormal distribution of data, sta- 
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Fig. 2. Total protein S antigen levels in 79 norma! pregnant 
women. 
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Fig. 3. Free protein S levels in 79 normal pregnant women. 


tistical methods involved the Mann-Whitney U test 
(two-sided), regression analysis, and Spearman rank 
correlations. The p values of <0.05 were considered 
statistically significant. 


Results 

Normal pregnancy. The levels of thrombin- 
antithrombin III complexes increased significantly with 
gestational age (p < 0.001) as shown in Fig. 1. Total 


98 de Boer et al. 


January 1989 
Am J Obstet Gynecol 


Table II. Thrombin-antithrombin III, antithrombin III, protein C, and protein S levels in nonpregnant 
controls, matched normal pregnancy, preeclampsia, and gestational hypertension 










Nonpregnant 
controls 
(n = 30) 






Significance 





Thrombin- 


antithrombin 

III (ug/L) 

Mean 201 p < 0.001 6.0 

SD 0.5 1.3 

Range 1.2-3.0 3.8-9. I 
Antithrombin II 

(%) 

Mean 102.7 p< 0.01 96.6 

SD 10.6 6.5 

Range 84-123 88-115 
Protein C (%) 

Mean 93.0 94.0 

SD 12.9 14.0 

Range 67-118 64-117 
Protein S 

total (%) | 

Mean 77.6 p < 0.001 56.1 

SD 13.2 9.9 

Range 52-110 44-76 
Protein S 

free (%) 

Mean 28.9 p < 0.001 15.1 

SD 5.9 6.4 

Range 20-44 8-28 






Matched normal 


pregnancy 
(n = 15) 







Gestational 
hypertension 


Matched normal 
pregnancy 





Preeclampsia 





Significance 





p < 0.002 15.6 6.6 10.4 
11.9 1.9 10.2 
5.3-43.7 4.5-9.6 4.4-37.0 
p<0.002 75.4 94.1 87.3 
16.3 17.9 14.3 
27-96 74-124 68-109 
p < 0.05 82.0 92.1 80.8 
26.9 15.2 18.7 
23-121 68-119 55-111 
57.9 52.9 55.9 
8.5 73 77 
48-76 40-66 44-70 
17.1 12.2 13.5 
6.9 3.9 3.4 
8-31 717 9-19 





and free protein S decreased progressively during 
pregnancy as shown in Figs. 2 and 3 (p < 0.001). No 
significant correlation with gestational age was obtained 
for antithrombin III (r = 0.11) and protein C (r = 
— 0.21). Antithrombin III was slightly but significantly 
decreased in the 15 matched normal pregnant women 
compared with the control group (Table II). 
Preeclampsia and gestational hypertension. Of the 
24 hypertensive patients, 15 had proteinuria (#0.3 
mg/24 hr). Mean platelet count was 130 x 10°/L (me- 
dian, 111; range, 18 to 335) in the preeclampsia group 
and 183 x 10°/L (median, 178; range, 85 to 247) in 
the gestational hypertension group. Thrombocyto- 
penia (<150 - 10°/L) was observed in nine patients with 


preeclampsia and in two patients with gestational hy- . 


pertension. These thrombocytopenic patients also had 
increased plasma levels of liver enzymes. Routine co- 
agulation tests revealed a prolongation of the pro- 
thrombin time in one preeclamptic patient and a pro- 
longed activated partial thromboplastin time in another 
preeclamptic patient. Decreased levels of fibrinogen 
were not observed. 

Table II shows the values of thrombin-antithrombin 
` III, antithrombin III, protein C, and protein S in non- 
pregnant control subjects, normal pregnancy, and 
hypertensive pregnancy. Thrombin-antithrombin III 
levels were significantly increased in preeclampsia. 


Antithrombin III and protein C levels were decreased 
in preeclampsia, but the total and free protein S. 
levels were similar to those of the normal pregnancy 
group. Mean levels of thrombin-antithrombin III 
were increased in gestational hypertension and protein 
C and antithrombin III were decreased compared with 
matched controls. However, the differences were not 
statistically significant. 

A significant correlation was obtained between 
thrombin-antithrombin III and platelet count (r = 
— 0.53; p < 0.01) and between thrombin-antithrombin 
II and antithrombin III plasma levels (r = —0.55; 
p < 0.01). 


Comment 


This study provides direct evidence of a prethrom- 
botic state in normal and hypertensive pregnancy 
with a method that measures (inactivated) thrombin, ` 
the key enzyme in blood coagulation. By means of a 
sensitive enzyme-linked immunoassay for thrombin- 
antithrombin III complexes, small traces of thrombin 
are already detected at an early stage of activation of 
blood coagulation, whereas the substrates of thrombin, 
that is, coagulation factors and the inhibitors of throm- 
bin, may still be within the normal range. This is con- 
firmed in our present study, which reveals a significant 
and progressive increase in thrombin-antithrombin III 
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in normal pregnancy and the absence of a concurrent 
decrease in antithrombin III. | 

Previous work to measure thrombin activity in preg- 
nancy indirectly implied the measurement of the 
thrombin-induced fibrinogen cleavage product fibri- 
nopeptide A. Elevated plasma fibrinopeptide A levels 
in late pregnancy were observed"* and confirmed in- 
dependently." However, increased fibrinopeptide A 
levels occurred in other studies only after delivery or 
in hypertensive pregnancy." These conflicting results 
may be explained by differences in the sensitivity of 
the fibrinopeptide A assay’® or by falsely elevated fi- 
brinopeptide A levels caused by in vitro fibrinogen pro- 
teolysis. An increased factor VILI antigen/ activity ratio 
has also been regarded as a reflection of thrombin gen- 
eration because thrombin inactivates factor VIII pro- 
coagulant activity without affecting factor VIII antigen. 
Increased ratios have been described to occur in late 
pregnancy.’ However, increased factor VIII ratios can 
also be explained by endothelial cell damage in the 
placental bed, with subsequent release of factor VIII 
antigen without procoagulant activity into the circula- 
tion. The observation of an increase in high-molecular 
weight fibrinogen/fibrin complexes from the second 
month of pregnancy onward also provided indirect ev- 
idence of coagulation activation." 

To summarize the results of all these studies, some- 
what conflicting and indirect evidence has been put 
forth to indicate the existence of a hyper coagulable 
state associated with enhanced thrombin generation in 
late pregnancy. However, our observations of progres- 
sively increasing thrombin-antithrombin III levels in 
pregnancy can only be explained by enhanced throm- 
bin generation. 

We observed normal levels of protein C activity in 
pregnancy, which is in agreement with other studies.’ 
The increase in protein C antigen levels, described in 
late pregnancy,’ suggest increased production caused 
by hormonal influences. Decreased protein S levels in 
all stages of pregnancv have been reported earlier.® In 
contrast, however, we observed a progressive decrease 
in both the total and free protein S fraction in preg- 
nancy. The explanation of these reduced protein S 
levels remains obscure, but based on the reduced pro- 
tein S levels in users of hormonal contraceptives, hor- 
monal influences are likely to play a major role."® 

In cases of preeclampsia, we observed thrombin- 
antithrombin III levels more than twice as high as those 
in gestational age-matched control subjects. Antithrom- 
bin III and protein C levels were also reduced sub- 
stantially compared with normal pregnancy, as previ- 
ously reported.* *° These observations are highly 
suggestive of further enhancement of thrombin gen- 
eration in preeclampsia. 
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The levels of thrombin-antithrombin II complexes 
in our hypertensive patients showed a significant cor- 
relation with the platelet count and antithrombin II 
levels. This may suggest that increased platelet hyper- 
activity and platelet consumption may contribute to the 
process of enhanced thrombin eee in: hyperten- 
sive pregnancy: 

In summary, we demonstrated a progressive increase 
in thrombin-antithrombin III complexes in normal 
pregnancy and even higher levéls in hypertensive 
pregnancy, which correlated significantly with platelet 
counts and antithrombin III. These findings and the 
concurrently decreased protein S‘levels may cause the 
increased tendency to thromboembolism related to 
pregnancy and in hypertensive pregnancy in parneular, 
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Reduced serum inhibition of platelet-activating factor activity 


in preeclampsia 


Chiara Benedetto, MD; Marco Massobrio, MD» Elisabetta Bertini, MD, 
Massimo Abbondanza, MD,’ Nicolino Enrieu, MD, and Ciro Tetta, MD? 


Torino, Italy 


We determined in normal nonpregnant (group 1) women, normal pregnant (group 2) women, and patients 
with preeclampsia (group 3) the serum inhibition of platelet-activating factor activity, the presence of 
detectable amounts of platelet- activating factor in the blood, and platelet responsiveness in vitro to 
platelet-activating factor, and to other agonists (adenosine diphosphate, collagen, and ristocetin), and 
prostacyclin (prostaglandin l}. In patients with preeclampsia (group 3) the serum inhibition of 
platelet-activating factor activity was significantly lower than that in groups 1 and 2. However, no 
detectable amounts of platelet-activating factor were observed. The mean values of platelet aggregation 
induced by platelet-activating factor, adenosine diphosphate, collagen and ristocetin, and the prostaglandin 
ls inhibitory concentration of 50% which is inversely correlated with platelet sensitivity to prostaglandin lp, 
were not significantly different between groups 2 and 3. ‘It is suggested that in preeclampsia the defect in 
serum inhibitory potential of platelet-activating factor-induced platelet aggregation may contribute to the 
disturbance in the homeostatic balance between proaggregant and antiaggregant substances. (Am J 


OBsTET GYNECOL 1989;160:100-4.) 


Key words: Platelet-activating factor, preeclampsia 


Preeclampsia is associated with platelet activation 
as suggested by the reduction in platelet count! and 
raised plasma levels of the platelet-specific protein 
8-thromboglobulin.” Possible explanations for platelet 
activation are an intrinsic change in platelet respon- 
. siveness or increased consumption and turnover caused 


From the Istituto di Ginecologia e Ostetricia dell Universita degli Studi 
di Torino’ and Laboratorio di Immunopatologia, Cattedra di Nef- 
rologia, Università degli Studi di Tormo, Ospedale Maggion 
S. G. Battista. 

Supported by the Italian Ministero della Pubblica Istruzione, 
C. N. R. Grant No. 85.00746.04, and. Ricera Sanitaria Final- 
izzata No. 60, Regione Piemonte. 

Received for publication June 11, 1987; revised June 27, 1988; 
accepted July 7, 1988. 

Reprint requests: C. Tetta, MD, Laboratorio di Immunopatologia, 
Cattedra di Nefrologia, Divisione di Nefrologia e Dialisi, Ospedale 
Molinette, Corso Polonia, 14, Torino, Italy. 


100 


by different stimuli such as the occurrence of immune 
complexes reacting with surface platelet receptors,’ 
prostacyclin (prostaglandin I) deficiency,’ or vascular 
damage by segmental vasospasm.’ 

Platelet-activating factor, a newly discovered media- 
tor of inflammation, has been described as a potent 
activator of platelets via a specific receptor-mediated 
mechanism leading to aggregation and release of the 
endogranular constituents.® The biologic activity of 
platelet-activating factor in plasma is negatively mod- 
ulated by two mechanisms, that is, the ability of serum 
proteins to bind platelet-activating factor and the pres- 
ence of a specific hydrolase, the platelet-activating fac- 
tor acetylhydrolase, which is capable of degrading the 
molecule at the sn-2 position.’ In immune complex— 
mediated diseases such as systemic lupus erythemato- 
sus, a role for platelet-activating factor as mediator of 
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platelet involvement was suggested by the reduction of 
the serum inhibitory potential of platelet-activating fac- 
tor activity (Tetta C. Unpublished observations) by the 
in vitro desensitization of platelets to platelet-activating 
factor, and in some cases by the more direct evidence 
of an intravascular release of. detectable amounts of 
platelet-activating factor concomitantly with the acute 
thrombocytopenic phases of the disease.’ However, no 
information exists on the possible role of platelet- 
activating factor in preeclampsia. 

The goal of the present study was to investigate the 
following in women with preeclampsia and normal 
pregnant and nonpregnant women: (1) the serum in- 
hibitory potential of platelet-activating factor activity, 
(2) the presence of detectable amounts of platelet- 
activating factor in the blood, (3) platelet responsive- 
ness in vitro to platelet-activating factor, other agonists 
(adenosine diphosphate, collagen, and ristocetin), and 
PGI.. 


Methods 

Subjects. Three groups of subjects were studied: 29 
normal nonpregnant women during the second phase 
of the menstrual cycle (group 1), 30 normal pregnant 
women (group 2), and 20 pregnant women with pre- 
eclampsia (group 3). 

The diagnosis of preeclampsia was made according 
to the following criteria: blood pressure higher than 
140/90 mm Hg after 20 weeks of pregnancy in pre- 
viously normotensive patients, urinary protein concen- 
tration >300 mg/L, and evidence of abnormal fluid 
retention. None of the patients developed eclamptic 
seizures or received any therapy. The clinical and lab- 
oratory data on groups 2 and 3 are reported in Ta- 
ble I. The normal nonpregnant women of group 1 
matched the normal pregnant women of group 2 for 
age and parity. In groups 2 and 3, blood was drawn 
before the onset of labor. 

Blood samplings. Blood was drawn from the ante- 
cubital vein with a polypropylene syringe via a butterfly 
needle No. 21 (Abbott Ireland Ltd., Sligo, Republic of 
Ireland), which was placed in a plastic tube containing 
one tenth the volume of 3.8% (w/v) trisodium citrate 
for the tests of platelet aggregation and platelet sen- 
sitivity to PGI, or in a vacuum silicone rubber-coated 
tube for the preparation of the sera. In addition, 
5 ml of blood were put separately into a plastic tube 
containing 20 ml of pure methanol and 500 ul of 
HCl double-normal for plasma extraction of platelet- 
activating factor. | 

Hematologic and renal status was evaluated in all 
patients. The hematologic investigations were hema- 
tocrit value, white blood cell count, platelet count, se- 
rum fibrinogen level ard fibrinogen degradation prod- 
ucts, prothrombin time, and partial thromboplastin 
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Fig. 1. Serum inhibitory activity of platelet-activating factor 
(PAF) expressed as the percentage inhibition of platelet- 
activating factor—induced platelet aggregation in vitro in nor- 
mal pregnant women (group 2) and preeclamptic patients 
(group 3). Sera from normal nonpregnant women were taken 
as reference of the volume, giving 50% inhibition of platelet- 
activating factor—induced platelet aggregation. The mean val- 
ues + SEM are indicated inside the two columns. 


time. Renal function studies measured creatinine clear- 
ance, serum creatinine, serum total proteins, and blood 
urea nitrogen. 

The blood samples were obtained from patients with 
preeclampsia before the initiation of therapy. 

Assay for serum inhibition of platelet-activating 
factor activity. The assay originally described by Farr 
et al.? to quantify inactivators of PAF in normal human 
sera was modified as follows. Briefly, varying volumes 
(1 to 20 pl) of pooled normal fresh sera from non- 
pregnant women were incubated for 5 minutes with a 
fixed concentration of platelet-activating factor to find 
the 50% aggregometric response of 1 to 5 x 10° 
washed rabbit platelets prepared as in the study of Ca- 
mussi et al.° The concentration of platelet-activating 
factor was defined for each experiment as that giving 
100% of the aggregatory response of rabbit platelets. 
A volume of sera from normal pregnant women and 
patients with preeclampsia equal to that from normal 
nonpregnant women giving 50% of platelet response 
was incubated with platelet-activating factor (5 minutes, 
37° C); rabbit platelets were subsequently added and 
the aggregometric résponse was recorded (Elvi 840, 
Paris, France). The inhibitory activity of platelet- 
activating factor in sera from normal pregnant women 
or preeclamptic women was expressed as the percent- 
age difference of thé maximal amplitude of the aggre- 
gating response (at 2 minutes) as compared with the 
platelet aggregation induced by platelet-activating fac- 
tor alone (100%). 

Platelet-activating factor extraction. Plet 
activating factor was extracted from human whole 
blood according to the technique described by Camiussi 
et al.® Five milliliters of blood were drawn into 50 ml 
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Table I. Clinical data of pregnant women and their offspring 





Clinical data 








Normal pregnant 
‘women (group 2) 
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Pregnant women 
with preeclampsia 
(group 3) (n = 20) 








Age (yr) 


Primigravid (no.) 
Increase in body weight (kg) 


Systolic blood pressure (mm Hg) ` 

Diastolic blood pressure (mm Hg) 
_ Platelets (mm”) 

Height (%) 

Weeks’ gestation at parturition 


Deliveries by cesarean section (no.) 
Fetal weight (gm) 


5 min Apgar score - 


Male-to-female sex ratio 


280,500 + 9,700 
(129,000-369,000) 


99 + 1.3 
(18-35) (20-41) 
18 11 
12 +'0.6 14 + 1.4 
(9-20) (5-24) 
120 + 1.5 168 + 6.5 
(105-140) (140-250). 
78 + 1.2 103 + 2.9 
(60-85) (90-130) 


240,000 + 10,500 
(110,000-320,000) 


34.99 + 0.74 $3.57 + 1.14 
(26:9-43.5) (22.1-49.1) 

39 + 0.3 37 + 0.6 
(35-42) (31-40) 

3 16 . 
3,173 + 98.5 2,496 + 224.2 
(2,350-4,350) (860-4,400) 
8.8 + 0.1 7.8 + 0.3 
(7-9) (5-10) 

1.2 1.3 





Values are expressed as mean + SEM. Ranges are given in parentheses. 


plastic tubes containing 20 ml acidified methanol. After 
centrifugation to remove precipitated proteins, the 
methanol extract was phased in chloroform water 
to a final mixture of choloroform-methanol-water 
(1:1:0.9, v/v). The lower chloroform phase was aspi- 
rated and brought to complete dryness under nitrogen 
vapors: a 

Platelet-activating factor Sate atan aad charac- 
terization. Platelet-activating factor was purified by thin 
layer chromatography on glass plates precoated with 
silica gel (60 F 254) developed with a mixture of 
chloroform-methanol-water (65: 35:6, v/v) used as sol- 
vent. The reference of platelet-activating factor was 
determined compared with standard lipids: sphingo- 
myelin, lisolecithin, and synthetic platelet-activating 
factor. The lipid material eluted from thin layer chro- 
matography plates. (reference - 0.21) was tested on 
washed rabbit platelets in the presence of inhibitors of 
adenosine. diphosphate and i a derived 
metabolites.” 

Tests of platelet aggregation and sensitivity to PGL, 
Platelet-rich plasma was obtained by centrifuging blood 
at 150 g for 12 minutes. Platelet-poor plasma was pre- 
pared by centrifugation of the remaining blood at 
2000 g for 15 minutes. The platelet count of platelet- 
rich plasma was adjusted to 250 x. 10° cells pl- by 
dilution with homologous platelet-poor plasma. The 
platelet-rich plasma and platelet-poor plasma were 
kept at room temperature (22° C). Platelet aggregation 
induced in vitro by platelet-activating factor (4.7 
mol/L), adenosine diphosphate (1 and 3 pmol/L, final 


concentration), collagen (0.075 and 0.15 pmol/L), and 
ristocetin (1.36 mg/ml) was measured with an Elvi 840 
ageregometer. Platelet sensitivity to PGI, in the plasma 
was determined with a modification of the method of 
Sinzinger et al., as previously described by Benedetto 
et al. The platelet sensitivity to PGI, was expressed as 
the concentration of the synthetic PGI, (in nanograms 
per milliliter of platelet-rich plasma) necessary to sup- 
press by half the aggregation induced by 1 pmol/L 
adenosine diphosphate (PGI,—inhibitory concentration 
of 50%. 

Chemicals. Adenosine diphosphate was obtained 
from Semmelweis s.r.1.—Mascia Brunelli (Milano, Italy); 
collagen and ristocetin were obtained from Menarini 
(Firenze, Italy), and platelet-activating factor (l-o- 
octadecyl - 2 - acetyl-sn-glyceryl - 3 - phosphorylcholine) 
and lyso-platelet-activating factor (l-o-octadecyl-sn- 
glyceryl-3-phosphorylcholine) were from Bachem Fein- 
chemikalien AG (Bubendorf, Switzerland). Sphingo- 
myelin from bovine brain, lysolecithin from bo- 
vine liver, lipase A, from Rhizopus arrhizus, creatine 
phosphate—creatine phosphokinase and indomethacin 
were from Sigma Chemical Co., St. Louis, Mo. Phos- 
pholipase A, was from pig pancreas (Boehringer- 
Mannheim, Federal Rupublic of Germany), and PGI, 
standards were kindly provided by Dr. B. J. R. 
Whittle (Wellcome Foundation, Beckenham, Kent, 
United Kingdom) and Dr. J. Pike (Upjohn Company, 
Kalamazoo, Mich.). 

Statistical analysis. Statistical evaluations were per- 


formed with the Student / test. 
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Table II. Platelet responsiveness in vitro to platelet-activating factor, adenosine diphosphate, collagen, 
ristocetin, and PGI, in groups 1, 2, and 3 







Statistical 
significance 






Platelet-activating factor 44.73 + 5.66 
4.7 pmol/L (n = 22) 
Maximum aggregation (%) 

Adenosine diphosphate ` 41.38 + 4.26 
1 pmol/L (n = 25) 
Maximum aggregation (%) 

Adenosine diphosphate 63.86 + 3.65 
3 pmol/L (n = 27) 
Maximum aggregation (%) 

Collagen 0.075 pmol/L 53.33 + 3.07 
Latency time (sec) (n = 26) 
Maximum aggregation (%) 63.71 + 4.42 

(n = 26) 

Collagen 0.15 pmol/L 47.90 '+ 2.68 
Latency time (sec) (n = 25) 
Maximum aggregation (%) 7195.2) 5:07 

(n = 26) 

Ristocetin 1.36 mg/ml 89.30 + 1.75 
Maximum aggregation (%) (n = 27) 

PGI, 0.83 + 0.04 


68.10 + 4.11 64.63 + 5.88 l vs 2, p < 0.01 
(n = 19) (n = 15) 
57.90 + 3.28 49.77 + 5.14 l vs 2, p < 0.01 
(n = 30) (n = 16) 
70.21 + 2.35 70.43 + 2.29 NS 
(n = 33) (n = 18) 
42.94 + 1.86 43.41 + 2.22 l vs 2, p < 0.01 
(n = 31) (n = 15) 
71.54 + 1.90 69.19 + 2.55 NS 
(n = 32) (n = 16) 
41.74 + 1.90 39.91 + 2.64 NS 
(n = 31) (n = 16) 
76.83 + 2.03 72.96 + 2.20 NS 
(n = 32) = 17) 
86.24 + 1.25 88.43 + 1.75 NS 
(n = 31) (n = 17) 
0.89 + 0.05 0.91 + 0.05 NS 
(n = 33) (n = 18) 





Values are expressed as mean + SEM. ICs, Inhibitory concentration; PRP, platelet-rich plasma. 


Results 


The serum inhibitory activity of platelet-activating 
factor was significantly lower (p < 0.001) in patients 
with preeclampsia (group 3) than in normal pregnant 
women (group 2) (Fig. 1). None of the patients with 
preeclampsia was thrombocytopenic (Table I), and 
only one showed a pathologic increase (40 pwg/ml) 
in serum fibrinogen degradation products. Serum 
total proteins were significantly (p < 0.05) lower in 
pregnant women with preeclampsia (X + SEM, 6.8 + 
0.1) than in normal pregnant women x + SEM, 7.3 + 
0.1). No detectable amounts of platelet-activating factor 
were observed in the plasma of patients with pre- 
eclampsia. 

The mean values of platelet aggregation induced 
in vitro by platelet-activating factor, adenosine diphos- 
phate, collagen, and ristocetin are shown in Table II. 
In group 2 the percentage of maximum platelet 
aggregation in response to small concentrations 
(1 pmol/L) of adenosine diphosphate and platelet- 
activating factor was significantly higher than that in 
group 1. Group 2 also had a significant reduction in 
the time of latency of platelet aggregation induced by 
collagen (0.075 pmol/L). The differences between 
groups 2 and 3 were not statistically significant. 

The PGI,—inhibitory concentration of 50%, which is 
inversely correlated with platelet sensitivity to PGI,, was 
not significantly different in the three groups studied, 
although a tendency toward an increase in the PGI,— 
inhibitory concentration of 50% was observed in 
groups 2 and 3 compared with group 1 (Table II). 


Comment 


Platelet-activating factor is a phospholipid mediator 
with a broad range of biologic activities.’ Platelet- 
activating factor was initially recognized as a media- 
tor released from IgE-sensitized rabbit basophils, and 
its structure was identified as 1-o-alkyl-2-acety]-sn- 
glyceryl-3-phosphorylcholine. It was subsequently 
shown that platelet-activating factor is synthetized 
after immunologic and nonimmunologic stimula- 
tion by polymorphonuclear neutrophils, monocytes- 
macrophages, and endothelial cells. Aside from in- 
ducing platelet activation, platelet-activating factor 
promotes the aggregation and degranulation of neu- 
trophils and monocytes, stimulates contraction of 
smooth muscle, increases vascular permeability, and al- 
ters vascular tone. Recent experimental data implicate 
this mediator in several pathologic conditions charac- 
terized by a vascular leaking syndrome and dissemi- 
nated intravascular coagulation." 

The goal of the present work was to investigate the 
possible involvement of this mediator in preeclampsia, 
a condition characterized by hypertension, increased 
urinary protein excretion, and diffuse edema. The 
present study shows a significant reduction in the in- 
hibition of platelet-activating factor activity in sera from 
pregnant patients with preeclampsia but not in normal 
pregnant women in the absence of detectable amounts 
of platelet-activating factor released in plasma and nor- 
mal in vitro responsiveness of platelets to platelet- 
activating factor. The absence of detectable amounts of 
platelet-activating factor suggests no increased pro- 
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duction of this mediator in patients with preeclampsia. 
This is in agreement with the absence of thrombocy- 
topenia and intravascular coagulation in all our pa- 
tients. In experimental and clinical conditions charac- 
terized by an intravascular release of platelet-activating 
factor, a specific platelet desensitization to this mediator 
has been reported. This has been related to in vivo 
binding of platelet-activating factor to specific re- 
ceptors.’ 

In the present study, platelet responsiveness in vitro 
to platelet-activating factor, adenosine diphosphate, 
collagen, ristocetin, and PGI, was unaltered in patients 
with preeclampsia compared with normal pregnant 
women. These studies suggest no significant increase 
in platelet-activating factor—platelet interaction in pre- 
eclampsia. However, the observed significant reduction 
in serum inhibition of platelet-activating factor activity 
may possibly suggest an increased susceptibility to the 
biologic activities of this mediator. 

Human sera may inactivate the biologic activities of 
platelet-activating factor with two major mechanisms. 
The presence of an acetylhydrolase, which specifically 
hydrolases the acetate moiety at the sn-2 position 
of the platelet-activating factor molecule accounts for 
most of the degradation of platelet-activating factor 
in whole blood.’ Binding of platelet-activating fac- 
tor to plasma proteins such as albumin or aq,-acid- 
glycoprotein occurs but has a minor role in the regu- 
lation of biologically active platelet-activating factor 
concentration in plasma. 

The data obtained in the present study with the bi- 
ologic assay do not differentiate between a defect in 
platelet-activating factor—acetylhydrolase and reduced, 
nonspecific binding of platelet-activating factor to se- 
rum proteins. 

The overall reduction in the inhibitory serum po- 
tential of platelet-activating factor activity reported 
in the present study may be the result of urinary loss, 
reduced synthesis of acetylhydrolase, or serum binding 
proteins. In fact, total serum protein concentration in 
group 3 was significantly lower than that in group 2. 
Further studies are needed to determine by radiometric 
assay’? the levels and the activity of plasma platelet- 
activating factor—acetylhydrolase in patients with pre- 
eclampsia. 

In conclusion, the results of the present study fail to 
demonstrate direct involvement of platelet-activating 
factor in preeclampsia. However, the reduced serum 
inhibitory potential of platelet-activating factor activity 
opens the possibility that once platelet-activating factor 
is released, it may induce potentiated biologic effects. 
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This may explain the increased incidence of coagulop- 
athy in preeclampsia.'® 


We thank Dr. G. Camussi for his helpful suggestions 
and discussion. 
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Fetal premature atrial contractions associated with hydralazine 


Jorge G. Lodeiro, MD, Steven J. Feinstein, MD, and Sila B. Lodeiro, MD 


Syracuse, New York 


Echorardiography documented fetal premature atrial contractions after maternal hydralazine treatment for 
hypertension. No signs of fetal congestive heart failure were noted, and other tests of fetal surveillance 
remained reassuring. The arrhythmia spontaneously subsided after discontinuation of hydralazine. A 
possible cause-and-effect relationship of hydralazine and premature atrial contractions has not been 


previously reported. (AM J OssteT GynecoL 1989;160:105-7.) 


Key words: Fetal arrhythmia, hydralazine, fetal surveillance 


Reported is a case of fetal premature atrial contrac- 
tions associated with maternal use of hydralazine. Ini- 
tial appearance and subsequent disappearance of the 
arrhythmia were clearly in temporal relation to the start 
and discontinuation of the drug. The arrhythmia was 
documented and diagnosed by M-mode echocardiog- 
raphy. To our knowledge, this is the first reported oc- 
currence of this association. 
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Case report 

A 33-year-old woman, gravida 3, para 1-0-1-1, was 
referred to our center for prenatal care because of 
chronic hypertension and adult polycystic kidney dis- 
ease. Blood pressure control was maintained with a 
2 gm sodium diet, adequate bed rest, and 2 gm daily 
of Aldomet (a-methyldopa). Twenty-four-hour urine 
collection for calculation of creatinine clearance, total 
protein levels, electrolyte levels, and blood testing for 
blood urea nitrogen, creatinine, and uric acid values 
indicated stable renal function. Fetal growth was serially 
evaluated by ultrasonography and remained consistent 
with dates. Weekly nonstress testing remained reactive 
and no fetal arrhythmia was evidenced (Fig. 1). At34% 
weeks’ gestation, hydralazine 25 mg twice daily was 
started because of increasing maternal blood pressure 
values up to 160/110 mm Hg. One week later, fetal 
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Fig. 2. Fetal tracing indicates arrythmia after hydralazine treatment. 
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Fig. 3. M-mode documents premature atrial contractions. Arrows indicate premature beats. 
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Fig. 4. M-mode echocardiography after hydralazine discontinuation. 


heart rate tracings indicated an undefined arrhythmia pliance, the patient was hospitalized for absolute bed 
(Fig. 2) that was later diagnosed as premature atrial rest and more intensive monitoring. After 36 hours in 
contractions by M-mode evaluation (Fig. 3). the hospital, the blood pressure declined and hydral- 
Because of suspicion that inadequate blood pressure azine treatment was discontinued. Within 24 hours of 


response may have been due to the patient’s noncom- stopping hydralazine, the arrhythmia abated and was 
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confirmed as absent by repeat M-mode evaluation at 
37 weeks (Fig. 4). The nonstress tests were clearly re- 
active, with no sign of arrhythmia. 

Induction of labor at 38 weeks resulted in sponta- 
neous vaginal delivery of a 3685 gm male infant, with 
Apgar scores of 9 and 9 at 1 and 5 minutes, respectively. 
Both mother and infant had an uneventful postpartum 
course and were discharged on day 3. Further pediatric 
evaluation documented a continued regular heart rate. 


Comment 


When auscultation or visualization of the fetal heart 
reveals an abnormally rapid, slow, or irregular rate, the 
clinician is confronted with the need to accurately di- 
agnose the arrhythmia. During the antepartum period, 
the use of real-time—directed M-mode echocardiog- 
raphy is believed to be the most appropriate method 
to evaluate disturbances in cardiac rhythm. 

The causes of fetal arrhythmias are varied, and com- 
plete evaluation of all fetal and maternal risk factors is 
necessary for proper intrauterine management and 
neonatal treatment.’ Among maternal factors is the 
ingestion of possible cardiac teratogenic drugs or those 
that may induce arrhythmia later in gestation. To date, 
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hydralazine has not been associated with either ana- 
tomic or rhythm disturbance. 

Because of the temporal relationship of the arrhyth- 
mia with administration and discontinuation of hy- 
dralazine, we did not anticipate a fetal cardiac anomaly 
as the source of the arrhythmia and, as expected, no 
structural defects were identified. ‘Tachyarrhythmia did 
not develop, and the fetus did not have distress or 
decompensation. It is possible, however, to have tachy- 
arrhythmias initiated by premature atrial contractions,” 
and we therefore recommend continuing periodic sur- 
veillance until delivery, regardless of apparent intra- 
uterine arrhythmia resolution. 
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Administration of pure follicle- -stimulating hormone during 
gonadotropin- releasing hormone agonist therapy i in patients 
with clomiphene- resistant polycystic ovarian disease: 
Hormonal evaluations and clinical perspectives 


Valentino Remorgida, MD, Pier Luigi Venturini, MD, Paola Anserini, MD, 


Paolo Lanera, PhD, and Luigi De Cecco, MD 
Genoa, Italy | 


Nine women with chronic anovulation caused by polycystic ovarian disease, which was unresponsive to 
clomiphene citrate therapy, were given a gonadotropin- releasing hormone agonist (buserelin) to induce 
pituitary desensitization. After 4 weeks induction of ovulation was attempted with a step-up administration 
of urinary follicle- -stimulating hormone. Buserelin treatment was discontinued only in the presence of a 
positive pregnancy test result. Different responses were observed between the first and subsequent 
cycles. Whereas estradiol production and follicular growth were closely correlated in the first attempt, we 
recorded a dissociation between these two parameters of ovarian response during subsequent , 
stimulations. Four clinical pregnancies occurred i in these nine patients, and there was one abortion. This 
therapeutic approach can be successfully used to induce ovulation; however; prolonging pituitary - 
suppression between treatment cycles changes the type of ovarian response and is not followed by better 


results. (AM J Osstet GYNECOL 1989;160:108-13.) 


Key words: Polycystic ovarian disease; Salton induction, gonadotropin- releasing hormone 


analogs, follicle- -stimulating hormone therapeutic use 


Patients with polycystic ovarian. disease that is un- 
responsive to clomiphene citrate represent a true chal- 
lenge for the gynecologic endocrinologist, because they 
easily tend to experience hyperstimulation when ex- 
ogenous gonadotropins are used. Like all patients 
with polycystic ovarian disease, they may have elevation 
of the luteinizing hormone (LH)/follicle-stimulating 
hormone (FSH) ratio, inappropriate luteinizing hor- 
mone pulsatility, and pathologic androgen secretion. 
The synthesis of potent gonadotropin-releasing hor- 
mone (GnRH) analogues and the purification of human 
urinary FSH from human menopausal gonadotropin 
preparations have given the opportunity to mod- 
ify endocrine environments. Medical induction of 
hypophysectomy! can, in fact, prevent inappropriate 
LH pulses that cause premature luteinization of folli- 
cles,? and supplementation of exogenous FSH can re- 
balance the LH/FSH ratio. Pulsatile administration of 
synthetic GnRH has been tried in these patients” ‘ but 
with poor ovulatory responses. When examining the 
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results reported with the induction of ovulation by 
means of exogenous gonadotropins in patients with 
polycystic ovarian disease, one is immediately im- 
pressed by the fairly high incidence of abortion and 
ectopic pregnancies,” which may be due either to de- 
fects of the conceptus or to impaired uterine receptivity. 
Although very little is known about the relationship 
between endocrine status and early pregriancy loss, we 
wondered whether introducing the possibility of con- 
trolling the hormonal status of the cycle could affect 
the outcome of the pregnancy. For this reason we 
sought the possibility of inducing a single ovulation with 
pure FSH while administering continuously and si- 
multaneously a GnRH analogue to modulate the hor- 
monal milieu. 


Material and methods 


Case selection. From June 1986 to April 1987 we 
selected for this protocol nine women who fulfilled the 
criteria for the diagnosis of polycystic ovarian disease 
that was resistarit to clomiphene citrate stimulation as 
described by Wang and Gemzell.® Endocrine status and 
previous treatments are described in Table I. The hus- 
bands of the patients were subjected to a semen analysis 
according to the criteria proposed by the World Health 
Organization and the results also are shown in Ta- 
ble I. 
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Fig. 1. Schematic cno of ovulation induction with progressively i increasing doses (step- 
up administration) of pure FSH in patients pretreated with a GnRH agonist. 


Table I. Clinical characteristics 


Body mass 
index 





LS: 26 19 Hirsutism 
I. A. 38 25 ; Hirsutism 
PT. 33 19 3 — 

E. A. 31 22 9 — . 
G. S. 33 23 i Hirsutism 
M. L. 26 28 3 Hirsutism 
M. D.P 23 28 3 Hirsutism 
P. A. 30 27 6 Acne 
C. D 28 26 4 — 


Infertility, LH/IFSH Male 
_ (yr) Fela acne . ratio. lead l 





Previous 
treatment 





O 23.1/5.1 C/H 

O` 31.4/9.2 = C/H/F/PL 

A 20.6/5.9 - Yes C/H 

O 49.2/19.3 No C/H/F/PF 

O 27.8/8.7 No C/OWR/H/PF 
O 24.1/7.4 No C/H/PL 

O 20.3/6.2 No C/F 

O 38.6/10.1 No C/OWR/H 

A 35.3/10.7 No C/H/F/PF 





A/O, Amenorrhea; cligomenorrhea; C, clomiphene; F, FSH; H, kuman menopausal gonadotropin; PL, pulsatile GnRH; PF, 


pulsatile FSH; OWR, ovarian wedge resection. 


Induction of ovulation. For all patients we elected to 
use the GnRH analogue (p-Ser(TBU)*-des-Gly-NH?,,)- 
LH-RH ethylamide (Suprefact, Hoechst, L’Aquila, 
Italy) at a dosage of 0.5 mg subcutaneously twice a day. 
After 4 weeks of pretreatment the degree of pituitary 
suppression was checked by means of hormonal arid 
ultrasoriographic evaluation. Once medical hypophy- 
sectomy was induced, stimulation on the basis of pure 
FSH (Metrodin, Serono, Rome, Italy) was started ac- 
cording to the therapeutic approach proposed by 
Brown et al.”* and Kamrava et al.? that we slightly 
modified. Our protocol (Fig. 1) consists of administra- 
tion of 1 ampule per day for.14 days. If no ovarian 
response is elicited, 1/2 ampule per day is added at 
weekly intervals, up to a maximum of 3 ampules: per 
day, until the appearance of a response. We defined an 
ovarian response as the recordirig of a concomitant 
increase in estradiol levels arid follicular diameters. The 


dosage that caused the response remained unchanged 
up to the administration of human chorionic goriado- 
tropin if no.discrepancy emerged between estradiol 
levels and follicular diameters. In the event of a dis- 
crepancy 1/2 ampule was added progressively to re- 
balance this difference. Unless the test result for the 
B-subunit of hCG in the serum was positive buserelin 
administration was never discontinued. Before each 


new cycle, the patients were subjected to an ultrason- 


ographic scan of the ovaries to exclude residual cysts. 
Asséssment of ovarian response and timing of hu- 
man chorionic gonadotropin administration. The 
first hormonal and ultrasonographic evaluation was 
planned at the end of the first 14 days. If further stim- 
ulation was required, a control evaluation was per- 
fcrmed on the third and seventh days of the week. As 
scon as the patient began to respond, evaluation was 
performed daily. When the leading follicle was >18 
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TREATMENT 


Fig. 2. Ovarian response in three patients. Difference in estradiol production despite similar follicular 
growth in two consecutive treatment cycles is depicted. 


mm, regardless of the estrogen value, 5000 IU of hu- 
man chorionic gonadotropin (Profasi hp 5000, Serono) 
was injected intramuscularly. If a male factor causing 
infertility was known to be present, an intrauterine in- 


semination was scheduled 34 hours after human cho- 
rionic gonadotropin administration with the sperm 
prepared by the conventional “swim-up” technique. All 
ultrasonographic scans were performed with a real- 
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Fig. 3. Estradiol levels (bars) and follicular diameters (sircles) on day of hCG administration in three 


consecutive cycles of same patient (L.S.). 


Table II. Overall clinical results 


First cycle Second cycle Third cycle 
(n) (n) (n) (n) 


Cases 
Unifollicular cycles 
Ovulation 
Pregnancies 
Abortions 


tm 09 (© N (© 


ultrasonographic scans were performed with a real- 
time sector scanner and a 3.5 MHz abdominal trans- 
ducer (Combison 320, Kretztechnik, Zipf, Austria). 

Hormonal assay. LH, FSH, 178-estradiol, and pro- 
gesterone levels were measured by commercially avail- 
able kits. The LH and FSH assay (Biodata, Rome, Italy) 
is based on an iodine 125 polyclonal antiserum with 
intraassay and interassay coefficients of variation of 6.5 
and 7.2, respectively, for luteinizing hormone and 5.2 
and 6.8, respectively, for FSH. 

178-Estradiol was measured with a solid-phase ra- 
dioimmunoassay (D.P.C., Los Angeles), which enables 
the procedure to be carried out within 2 hours. In- 
traassay and interassay coefficients of variation were 
7.4 and 9.8. The progesterone assay is based on a solid- 
phase '*I radioimmunoassay (D.P.C.) with intraassay 
and interassay coefficients of variation of 7.8 and 8.7. 

Luteal phase. The administration of 1000 IU of hu- 
man chorionic gonadotropin (Profasi hp 1000) every 3 
days X3 starting 3 days after ovulation was chosen for 
luteal supplementation. Estradiol and progesterone 
values were checked in this phase. A serum pregnancy 
test was performed 15 days after ovulation. 


Results 


All of the 15 cycles were postulated to be ovulatory 
on the basis of the presence of fluid in the cul-de-sac, 
the change in appearance of the follicular structures, 


Overall 
5 l 15 
I — 8 
5 l 15 
1 — 4 


— l 


and a rise of the progesterone level; those cycles re- 
sulting in pregnancy obviously were ovulatory. Four of 
the nine patients (44.4%) became pregnant, three dur- 
ing the first treatment cycle and one during the second 
(Table IT). All nine patients completed the first induc- 
tion of ovulation and showed a remarkable uniformity 
of response. In fact, the ovarian response was always 
obtained when the patients were receiving 2 ampules 
per day, and in all but one this dose was kept constant 
until ovulation. Moreover, in these cycles, a parallel rise 
was maintained between estradiol values and follicular 
diameters in all patients but one. Seven of these first 
nine treatments (77.7%) resulted in a dominant follicle, 
and we recorded three pregnancies, two of which are 
ongoing (near term) and one of which aborted in the 
seventh week after an ultrasonographic visualization of 
the gestational sac. The mean duration of stimulation 
in these nine cycles was 31.2 + 5.5 days. 

The patients who did not become pregnant decided 
to undergo a second stimulation. One patient had a 
residual cyst discovered on the control ultrasono- 
graphic scan, and the second stimulation was cancelled. 
In the five second stimulations we detected a less uni- 
form response. In one of the patients the response 
began while she was receiving 1 ampule per day, and 
in another one it began at 1.5 ampules per day instead 
of the 2 ampules/day of the previous cycles. Except for 
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Fig. 4. Estradiol levels on day of human chorionic gonado- 
tropin administration of all cycles. Pregnant patients are 
shown at estradiol level >500 pg/ml. 


one patient, all experienced an arrest in steroid pro- 
duction. This event was observed despite an almost 
completed follicular growth (leading follicle diameter 
>15 mm), as shown in Fig. 2; increasing the amount 
of gonadotropins did not reequilibrate this discrepancy. 
We recorded one unifollicular (20%) and four multi- 
follicular (80%) cycles; the pregnancy (a triplet) was 
recorded in the patient with the greatest multifollicular 
and estrogenic response. The mean duration of stim- 
ulation in the second treatment cycles was 32 + 3.6 
days. 

Up to now, only one patient has undergone a third 
consecutive induction of ovulation; it was again noticed 
that the plasma estradiol level did not correlate with 
the presence of a good ovarian response as judged by 
ultrasonography. The findings of the three consecutive 
cycles of this patient are shown in Fig. 3. 

Mean progesterone values 7 and 11 days after human 
chorionic gonadotropin administration were 28 + 11 
and 34 + 14 ng/ml, respectively. 


Comment 


Ovarian hyperstimulation is the major concern when 
gonadotropins are administered in patients with poly- 
cystic ovarian disease and clomiphene resistance. ‘The 
the. :eutic approach on the basis of the association of 
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the GnRH analogue and pure FSH that we described 
has never caused ovarian hyperstimulation. Moreover, 
it has allowed the possibility of inducing a dominant 
ovulatory follicle to grow and ovulate in the first treat- 
ment cycle in seven of nine patients. We ascribe these 
successes to the modification of the endocrine status 
induced mainly by the GnRH analogue and possibly by 
FSH administration. In fact, as it was shown in mon- 
keys,' the use of the analogue seemed, at least in our 
first cycles, to induce a uniformity in response that was 
elicited when the patients were receiving 2 ampules per 
day. Also consistent with the anima! data is the finding 
that ovulation can be obtained with FSH only, although 
one cannot exclude minimal LH activity in the patients 
in whom suppression was achieved with a GnRH ag- 
onist. Another advantage of this therapeutic approach 
is the finding that all patients but one presented a par- 
allel between follicular growth and estradiol rise; this 
fact, coupled with the finding of a maximum value of 
estradiol not above 1000 pg/ml, suggests the possibility 
of monitoring these stimulations by ultrasonographic 
scans only. 

The rationale for the prolonged suppression planned 
at the beginning of the study was to modulate the luteal 
phase and mimic the usage of GnRH agonist implants, 
which shortly will be available for widespread clinical 
use. Theoretically this method of administration should 
be the best to produce a medical hypophysectomy be- 
cause the compliance required from the patients is min- 
imal and the suppression should remain steady for at 
least 1 month; unfortunately our preliminary results 
show a poor response to FSH after the first cycle. 

In fact, in this case we experienced the situation of 
a multifollicular response because of the necessity of 
increasing the amount of gonadotropins in order to 
stimulate the very low estrogen production. The reason 
for this decreased estradiol output despite the presence 
of growing ovarian follicular structures is very puzzling, 
and we have considered these possible explanations: 
(1) the structures that we see on the ultrasonogram 
are cysts; (2) prolonged LH depletion may impair nor- 
mal steroidogenesis. Militating against the first hypoth- 
esis is the fact that these structures grow according to 
the parameters described for preovulatory follicles," 
and in one case a pregnancy (triplets) was achieved. On 
the other hand, as shown in Fig. 4, pregnancy occurred 
only when estradiol levels were >500 pg/ml at the 
time of human chorionic gonadotropin administration. 
Thus, although we are more in favor of the second 
hypothesis, additional work needs to be done to clearly 
define the answer. 

Modulation of the luteal phase was another aim of 
the study that we thought deserved particular attention. 
On the basis of our experience with luteal supplemen- 
tation of hypogonadotropic patients who are treated 
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by pulsatile administration of GnRH, we gave the same 
dosage of exogenous human chorionic gonadotropin 
to these women with pharmocologically induced hy- 
pogonadotropism. Whereas the progesterone values 
obtained in patients that were hypogonatropic were 
always in the normal range, they far exceeded the nor- 
mal in our study population. Consistent with Fleming’s 
finding, with human mencpausal gonadotropin ad- 
ministration this may be attributed to the activation of 
more than one steroidogenic structure in this protocol. 
Thus the use of exogenous human chorionic gonado- 
tropin may not be the best approach; we are cur- 
rently exploring the possibility of using an exoge- 
nous estrogen-progesterone replacement for the luteal 
phase. This has been done for in vitro fertilization” 
and gamete intrafallopian transfer'’ in patients with 
premature ovarian failure. Overall we believe this pro- 
. tocol to be a satisfactory approach to induction of 
ovulation in patients with clomiphene-resistant poly- 
cystic ovarian disease. Other successful therapeutic ap- 
proaches published in the literature are the recent data 
on pulsatile GnRH administration of Burger et al." and 
the pulsatile FSH administration described by Polson 
et al.’ The major concern about the Dutch experience 
is that, at least in our population, we found that women 
do not intend to wear a portable pump and an intra- 
venous catheter for such a long period of time as re- 
ported in that article (in one case up to 10 cycles); the 
patient herself generally requests a different approach 
after a limited number of failures. With the increasing 
success rate of in vitro fertilization and more recently 
gamete intrafallopian transfer, we wondered whether, 
after a certain number of medical attempts, we should 
not take these approaches into consideration. The re- 
sults obtained by the British group closely resemble 


ours. Although pulsatile administration of FSH may — 


seem more appealing on a pathophysiologic basis, its 
real advantage over intramuscular administration re- 
cently has been challenged by Franks et al.’° 

Future work is needed to determine whether human 
menopausal gonadotropin may overcome the reduced 
estradiol production that we have found in the pro- 
longed suppression of the pituitary function or if it is 
better to stop the analogue at the end of each stimu- 
lation. 
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Pregnancy in premature ovarian failure after therapy with oral 


contraceptives despite resistance to previous human 


menopausal gonadotropin therapy 


Jerome H. Check, MD, Jeffrey S. Chase, MD, and Michael Spence, MD 


Philadelphia, Pennsylvania 


We report the case of a 35-year-old woman with premature ovarian failure that was documented at 29 
years of age, who wanted to conceive. Although she failed to respond to high doses of menotropin 
therapy, she ovulated and conceived after she took an oral contraceptive. The oral contraceptive was used 
to reduce the elevated level of gonadotropins in an effort to restore receptors to the luteinizing hormone 
and follicle-stimulating hormone, which theoretically may have been down-regulated. (AM J OBSTET 


GYNECOL 1989;160:114-5.) 


Key words: Ovarian failure, oral contraceptive, pregnancy 


There have been two cases reported in which women 
with premature ovarian failure (hypergonadotropic hy- 
pogonadism) that occurred before they were 40 years 
of age conceived while taking oral contraceptives." ? 
Neither of these women had tried to conceive, but preg- 
nancy occurred spontaneously while they were taking 
oral contraceptives. Our case involves a woman with 
premature ovarian failure and no increase in serum 
estradiol levels despite a high dose of human meno- 
pausal gonadotropins (hMG) but who was able to con- 
ceive while taking an oral contraceptive. 


Case report 


The patient was seen at age 31 and had a history of 
1% years of amenorrhea. An evaluation 1 year earlier 
had shown hypergonadotropic amenorrhea (luteiniz- 
ing hormone [LH] increased 125 mIU/ml and the 
follicle-stimulating hormone [FSH] increased to 148 
mIU/ml). Her previous consultant had told her no 
therapy could help her achieve a second pregnancy; 
she had an 8-year-old child at that time. However, she 
sought another opinion. | 

The gonadotropin measurements were repeated and 
the serum FSH was increased to 156.6 mIU/ml, the 
LH was 104 mIU/ml, and the serum estradiol level was 
<20 ng/ml. 

The patient was given 1200 IU of hMG over an 8- 
day period, but it failed to raise the serum estradiol 
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level above 20 ng/ml. She elected to discontinue the 
treatment. 

Two years later, at the age of 33, she decided to 
resume therapy. However, a 5 cm mass was felt in the 
left adnexa during a pelvic examination. Pelvic ultra- 
sonography confirmed a 50 x 47 X 43 mm multicystic 
area composed of 10 to 12 cysts that ranged from 15 
to 19 mm each and extended under the uterus. She 
still had amenorrhea and the FSH level was 240 
mIU/ml, the LH level was 133 mIU/ml, and the es- 
tradiol level was <20 pg/ml. 

The patient was to be treated with a high-dose 
estrogen—hMG technique to induce ovulation.” How- 
ever, because of the ovarian cyst, the decision was made 
to suppress the gonadotropins by means of an oral 
contraceptive (35 wg ethinyl estradiol, 1 mg norethin- 
drone) to determine whether the cyst could be reduced. 
The patient was instructed to return in | month to have 
the cyst evaluated, at which time inauguration of the 
high-dose estrogen—hMG technique would be consid- 
ered. However, she did not return until 3 months later. 

Repeat ultrasonography showed the cystic ovary re- 
duced to normal size, with one cyst 25 mm and one 16 
mm in diameter. She demonstrated a single intrauter- 
ine fetus with a sac of 29 to 30 mm, consistent with 7.8 
weeks’ gestation: There was good decidual reaction, 
shape, and position. The crown-rump length measured 
15 to 16 mm, consistent with 7.6 to 8 weeks’ gestation. 
The patient stated that the last menstrual period was 
after cessation of the first cycle of the oral contraceptive. 


Comment 


One possible explanation of this pregnancy is that 
the elevated gonadotropin levels caused a “down- 
regulation” of FSH and LH receptors on the granulosa- 
theca cells. The oral contraceptive caused suppression 
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of the gonadotropins to the normal range, which al- 
lowed restoration of receptors and response to the en- 
dogenous gonadotropins. 

This case, in contrast to the two previously reported 
cases, demonstrated the inability to respond to exog- 
enous gonadotropins, and yet the patient ovulated 
spontaneously after one cycle of an oral contraceptive. 
This further supports the proposed mechanism of re- 
versing hypergonadotropic hypogonadism by restoring 
receptors to LH and FSH by first suppressing elevated 
gonadotropins. The case suggests that before the ini- 
tiation of the expensive high-dose estrogen—hMG tech- 





Pregnancy after therapy with oral contraceptives 


nique,’ the patierit might try one cycle of oral contra- 
ceptive therapy, after which the succeeding cycle would 
be evaluated with regard to possible rebound sponta- 
neous ovulation. 
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Sonographic evaluation of fetal abdominal growth: Predictor of 
the large-for- gestational- -age infant i in n pregnancies complicated 


by diabetes mellitus 


Mark B. Landon, MD, Marshall C: Mintz, MD, and Steven G. Gabbe, MD 


Columbus, Ohio, and Philadelphia, Pennsylvania 


Serial ultrasound examinations were performed during the third trimester in 79 pregnant women with. 
diabetes to establish the onset of accelerated fetal growth. At least three ultrasound examinations were 
performed, with a minimum scan interval of 2 weeks. Growth curves constructed for femur length and 
head circumférence were similar for fetuses appropriate for gestational age (n = 48), and fetuses large for 
gestational age (n = 31). The mean changes in femur length and head circumference (expressed as. 
centimeters per week during the early and late third trimesters) did no: differ statistically between these 
two groups. Abdominal circumference growth was clearly accelerated at 32 weeks’ gestation in the large 
for gestational age group (mean + SD, 1.36 + 0.16 cm/wk) compared with the appropriate for gestational 
age group (0.901 +-0.21 cm/wk, p < 0.001). With use of a receiver operator characteristic curve, a 
change in abdominal circumference of 1.2 cm/wk over the period of 32 to 39 weeks’ gestation was 
determined to be an optimal cutoff for detecting excessive fetal growth (sensitivity 84%, specificity 85%). A 
change in abdominal circumference 1.2 cm/wk was present in 4/4 large-for-gestational age fetuses 
(<4000 gm), in. 17/21 (81%) of fetuses with birth weights 4000 to 4499 gm, and in 5/6 (83%) whose 
weight exceeded 4500 gm. It appears that improved detection of the fetus large for gestational age in 
diabetic pregnancies may be accomplished by the use of serial ultrascnography during the third trimester. 


(Am J OssteT GYNECOL 1989;160:115-21.) 


Key words: Diabetic ultrasound, macrosomia, large-for-gestational-age infant 
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Despite efforts to achieve physiologic control of ma- 
ternal glucose levels during gestation, excessive fetal 
growth often accompanies pregnancies complicated by 
diabetes mellitus. The frequency of macrosomia re- 
ported in the offspring of women with diabetes has 
ranged from 25% to 42%.’ It is widely accepted that 
increased levels. of glucose and other substrates result 
in fetal hyperinsulinemia, which then promotes. accel- 
erated somatic growth.? Newborn a ie mea- 
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Fig. 1. Distribution of infants studied according to birth weight. 
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Fig. 2. Comparison’ of head circumference growth curves for AGA and LGA fetuses of mothers 


with diabetes. 


surements of these infants have further identified dis- 
proportionate growth of insulin-sénsitive tissues such 
as fat, liver, and muscle.’ Excessive adiposity of the 
trunk and shouldér region may predispose the infant 
of the mother with diabetes to shoulder dystocia and 
traumatic birth injury.‘ For these reasons, antenatal de- 
tection of the large-for-gestational-age (LGA) infant in 
pregnancies complicated by diabetes mellitus could 
provide essential information for planning the optimal 
timing and ‘route of delivery. In previous studies that 
used ultrasonography, the presence of LGA fetuses 
(birth weight >90th percentile) has been assessed by 
single measurements of estimated fetal weight and ab- 
dominal circumference or by comparison of ratios that 
reflect body proportionality, such as femur length/ ab- 


dominal circumference.* * The present study was per- 
formed to determine (1) if serial ultrasonography could 
establish the onset of accelerated fetal growth in dia- 
betic pregnancies and (2) which sonographic parame- 
ters allow for the most accurate detection of excessive 
fetal growth at term. 


Material and methods 


Beginning in 1983, we attempted to perform serial 
ultrasound examinations during the third trimester in 
all women with diabetes receiving prenatal care at the 
Hospital of the University of Pennsylvania. Criteria for 
inclusion in this study were (1) a first- or midsecond- 
trimester ultrasound and early clinical examination as- 
suring accurate dating and (2) at least three complete 
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Fig. 3. Comparison of femur length growth curves for AGA and LGA fetuses of mothers with 


diabetes. 
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Fig. 4. Comparison of abdominal circumference growth curves for AGA and LGA fetuses of mothers 
with diabetes. Abdominal circumference growth i is accelerated at 32 weeks’ gestation in LGA group. 


ultrasound examinations during the last trimester to 
assess fetal growth. A total of 79 women (diabetes class 
A, 24; class B, 27; class C, 11: class D, 15; and class F, 
2) met inclusion criteria. The antenatal management 
of these patients has been described.’ The mean (+ SD) 
third-trimester hemoglobin A, value in the study pop- 
ulation was 7.3% + 0.7% (normal 5% to 8%). 
Real-time ultrasound examinations were performed 
with a 3.5 MHz frequency transducer on mechanical 
sector scanners set at a velocity of 1540 m/sec. Mea- 
surements of the fetal biparietal diameter, head cir- 
cumference, abdominal circumference, and femur 
length were recorded for each study.* ° Abdominal cir- 


cumference measurements were made by tracing the 
perimeter at the level of the umbilical vein with an 
electronic digitizer. Gestational age at birth was deter- 
mined from menstrual dates, provided these were in 
agreement with first-trimester ultrasound and clinical 
examination results. Infants were categorized as LGA 
if their birth weight was =90th percentile.'? Growth 
curves were constructed for femur length, head cir- 
cumference, and abdominal circumference for both 
appropriate-for-gestational age (AGA). and LGA fe- 
tuses. The mean change or growth velocity of the var- 
ious parameters measured was calculated and ex- 
pressed in centimeters per week. In cases in which-more 
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Table I. ill eau of growth rates between AGA and LGA fetuses 






Growth ( ba) wk) 


Femur length 


27-32 wk 0.222 + 0.05 0.234 + 0.08 NS 

32-39 wk 0.223 + 0.06 0.209 + 0.06 ' NS 
Head circumference 

27-32 wk 0.895 + 0.20 0.922 + 0.19 ! NS 

32-39 wk 0.749 + 0.19 0.729 + 0.16 NS 
Abdominal circumference 

27-32 wk 1.085 + 0.23 1.123 + 0.23 ` NS 

32-39 wk 0.901 + 0.21 1.366 + 0.16 <0.001 





Table II. Comparison of ultrasonic measurements* used to detect excessive fetal growth in 
Pp 8 ! 


diabetic pregnancy 


Femur length 
abdominal 
circumference 21% 















Change in abdominal 
circumference 21.2 cm/wk 


Abdominal circumference 
>2SD" 


Sensitivity T 18/31 58.0% ` 22/31 10.9% 26/31 83.8% 

Specificity 39/48 75.0% 41/48 85.4% 41/48 85.4% 

Positive predictive 18/31 67.7% 22/29 75.8% 26/33 78.7% 
value 

Negative predictive 39/48 75.0% 43/52 82.6% 41/46 89.0% 

_ value ' 





*Femur length/abdominal circumference were determined from latest ultrasound examination (mean [+SD] scan to delivery 
interval 9.3 + 5.1 days). Change in abdominal circumference as computed from two scans made beyond 32 weeks’ gestation. Data 


for abdominal circumference >2SD from ref. 11. 


than three studies were performed, the greatest inter- 
val between studies was used to calculate growth ve- 
locity. These data were compared by the Student ¢ test. 
Statistical significance was achieved at a p value <0.05. 
A receiver operator characteristic curve technique was 
used to determine an optimal cut off of abdominal 
circumference growth for detecting the LGA fetus. 
This index of growth as a predictor of the LGA fetus 
was compared with other growth parameters obtained 
from the last ultrasound examination. 


Results 


An average of 3.4 examinations (total of 269) 
was performed during the third trimester in the 79 
women studied. The study population consisted of 48 
AGA fetuses and 31 LGA fetuses.. Their birth weight 
distribution is shown in Fig. 1; mean (+SD) val- 
ues were 3170 + 468 and 4137 + 223 gm, respectively 
(p < 0.0001). Gestational age at delivery did not differ 
statistically between the two groups (38.34 + 0.67 ver- 
sus 38.12 + 0.47 weeks). | 

Figs. 2, 3, and 4 represent the growth curves for head 
circumference, femur length, and abdominal circum- 
ference for the AGA and LGA fetuses studied. The 
mean value obtained for head circumference and fe- 
mur length for each gestational age did not differ sta- 
tistically between the two groups. Abdominal circum- 


ference growth, however, was clearly accelerated in the 
LGA group beginning at 32 weeks’ gestation (Fig. 4). 
A comparison of the mean values representing each 
point beyond 32 weeks confirms a statistically signifi- 
cant difference (p < 0.05). | r 

Mean growth velocities for head circumference, fe- 
mur length, and ‘abdominal circumference are pre- 
sented in Table I. A minimum scan interval of 2 weeks 
was used to calculate growth. Because the late third 
trimester represents the period of maximal fetal adi- 
pose deposition, we evaluated growth characteristics 
during two periods: period J, 27 to 32 weeks, and pe- 
riod 2, 33 to 39 weeks. Femur length and head circum- 
ference growth were similar for AGA and LGA fetuses 
during both periods of study. A comparison of abdom- 
inal circumference growth rates again reveals a pattern 
of accelerated growth during the second half of the 
third trimester for LGA fetuses (1.36 + 0.16 cm/wk) 
compared with AGA fetuses (0.901 + 0.21 cm/wk; 
p < 0.001). | 

The ability of the change in abdominal circum- 
ference to predict the LGA fetus was compared 
with previously described parameters, such as femur 
length/abdominal circumference and abdominal cir- 
cumference >2SD.°'' By use of a receiver operator 
characteristic curve, a change in abdominal circumfer- 
ence of 1.2 cm/wk during the period beyond 32 weeks’ 
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Table III. Predictive values, sensitivity, and specificity of various abdominal circumference growth rates* 
in predicting the LGA fetus 





Abdominal 
circumference 





Sensitivity (%) Specificity (%) 


0.6 31/31 (100) 0/48 (0) 

0.7 31/31 (100) 10/48 (21) 
0.8 31/31 (100) 18/48 (38) 
0.9 31/31 (100) 28/48 (58) 
1.0 99/31 (94) 33/48 (69) 
1.1 98/31 (90) 36/48 (75) 
1.2 26/31 (84) 41/48 (85) 
1.3 21/31 (68) 47/48 (98) 
1.4 8/31 (26) 47/48 (98) 
1.5 5/31 (16) 47/48 (98) 
1.6 3/31 (10) 48/48 (100) 


Positive predictive value (%) 












Negative predictive value (%) 















31/79 (39) 0/0 (0) 
31/69 (45) 10/10 (10) 
31/61 (51) 18/18 (100) 
31/51 (61) 28/28 (100) 
29/44 (66) 33/35 (94) 
28/38 (74) 36/39 (92) 
26/33 (79) 4/46 (89) 
21/22 (95) 47157 (82) 
8/9 (89) 47/70 (67) 
5/61 (83) 47/73 (64) 
3/3 (100) 48/76 (63) 


a r m OUUU 


*Growth rates derived from 32 to 39 weeks’ gestation. 


gestation was determined to be an optimal cutoff for 
detecting excessive fetal growth (sensitivity 84%, spec- 
ificity 85%). Abdominal circumference growth 21.2 
cm/wk compares favorably with a femur length/ab- 
dominal circumference ratio <21% and abdominal cir- 
cumference >2SD in predicting the LGA fetus (Table 
IT). Although these methods have comparable specific- 
ities, abdominal circumference demonstrates an im- 
proved sensitivity over the other parameters. A change 
in abdominal circumference =1.2 cm/wk during the 
period 32 to 39 weeks was present in 4/4 LGA fetuses 
(<4000 gm), in 17/21 (81%) fetuses with birth weights 
between 4000 and 4499 gm, and in 5/6 (83%) whose 
weight exceeded 4500 gm. Of significance, when the 
change in abdominal circumference was <1.2 cm/wk 
between 32 to 39 weeks’ gestation, normal fetal growth 
was correctly identified in 89.1% of cases. 

Abdominal circumference growth rates were not 
used in this study to select route of delivery; however, 
19 of the 22 LGA fetuses we attempted to deliver vag- 
inally would have been identified by a change in ab- 
dominal circumference =1.2 cm/week. Six of these fe- 
tuses were delivered by cesarean section for cephalo- 
pelvic disproportion. There were two cases of shoulder 
dystocia in the remaining 16 fetuses delivered by the 
vaginal route. The abdominal circumference growth 
rates were 1.4 and 1.5 cm/wk for infants weighing 4320 
and 4470 gm, respectively. In contrast, of the 28 fetuses 
with abdominal circumference growth <1.2 cm/wk not 
delivered by elective cesarean section, only 3 infants 
were delivered abdominally because of cephalopelvic 
disproportion, and there were no cases of shoulder 
dystocia. 


Comment 


Fetal growth is a complex process under the multi- 
factorial influence of genetic, environmental, nutri- 


tional, placental, and endocrinologic factors.!? Macro- 
somia is commonly observed in the offspring of women 
with diabetes and appears to be primarily a conse- 
quence of fetal hyperinsulinemia induced by fetal hy- 
perglycemia.’* The increased deposition of fat, protein, 
and glycogen in insulin-sensitive sites leads to macro- 
somia, marked by characteristic shoulder and truncal 
obesity.* Undetected fetal macrosomia may result in a 
difficult vaginal delivery due to shoulder dystocia, 
which may be accompanied by birth injury and as- 
phyxia.' For these reasons, recent clinical efforts have 
focused on the antenatal detection of macrosomia in 
diabetic pregnancies by the use of ultrasonographic 
techniques. ê 

Wladmiroff et al." were among the first to address 
ultrasound diagnosis of the LGA infant when they de- 
scribed ultrasonographically derived growth character- 
istics in 30 LGA infants, including 11 infants of women 
with diabetes. These authors noted head/chest ratios 
fell below the 5th percentile in 53% of the LGA group 
compared with 2% of normal-weight infants. In their 
study, fetal chest measurements were obtained caudal 
ta the cardiac pulsations and actually represented an 
upper abdominal measurement. Biparietal diameter 
proved to be a poor indication of fetal overgrowth, as 
only 7% of LGA infants were found to have a biparietal 
diameter above the 90th percentile. This is in agree- 
ment with our finding of normal head circumference 
growth in LGA fetuses of mothers with diabetes. The 
normal progression of fetal head growth in diabetic 
pregnancies has also been described by Ogata et al.," 
who noted that, in contrast to the fetal liver, the fetal 
brain is not sensitive to the growth-promoting effects 
of insulin. This concept may also explain our data con- 
cerning similar femur length growth rates among LGA 
and AGA fetuses of mothers with diabetes. Anthro- 
pometric studies in neonates have also failed to show 
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a significant increase in the length of newborn macro- 


somic infants of mothers with diabetes." 

Abdominal measurements have proved to be the 
most reliable sonographic parameter for the detection 
of macrosomia in utero. Elliott et al. analyzed bipa- 
rietal diameter and chest diameter measurements in 70 
women with diabetes undergoing ultrasound exami- 
nation within 3 weeks of delivery. A macrosomia index 
was calculated for each fetus by subtracting the bipa- 
rietal diameter from the chest diameter. As in the study 
of Wladmiroff et al., the chest diameter described 
actually represented an upper abdominal diameter. 
These authors found 20/23 (87%) infants weighing in 
excess of 4000 gm to have a macrosomic index #1.5 
cm. Although this approach appears quite sensitive, it 
is associated with a “high” false-positive rate, as only 
61% of those identified with a positive result were 
found to be macrosomic at birth. 

Ogata et al. provided the only previous description 
of serial ultrasonographic assessment of pregnant 
women with diabetes for the evaluation of fetal macro- 
somia. These authors performed several measure- 
ments of abdominal circumference in 23 women with 
diabetes during the third trimester. In 10 fetuses who 
proved to be macrosomic at birth, accelerated abdom- 
inal growth was detectable by 28 to 32 weeks’ gesta- 
tion. However, abdominal circumference measure- 
ments generally did not fall outside the normal range 
until 32 weeks of pregnancy. 

Our study confirms these observations in a larger 
patient population. We observed abdominal circum- 
ference growth to be clearly accelerated by the middle 
of the third trimester in LGA fetuses. Because fetal 
growth represents a dynamic process involving incre- 
ments in dimensions over time, we believed it might be 
used to derive growth rates for abdominal circumfer- 
ence. Abdominal circumference growth compares fa- 
vorably with previously described parameters for de- 
tecting excessive fetal size at term in pregnancies com- 
plicated by diabetes mellitus. Tamura et al.’ found 78% 
of LGA-fetuses of mothers with diabetes could be de- 
tected by use of a cutoff of an abdominal circumfer- 
ence >90th percentile measured during the late third 
trimester. In contrast, 22 of 31 LGA fetuses could be 
identified by the use of >2SD of the mean as a cutoff 
in our study. Based on the change in abdominal cir- 
cumference =1.2 cm/wk between 32 and 39 weeks’ 
gestation, an additonal four fetuses were identified, im- 
proving the sensitivity to nearly 84% while maintaining 
a predictive value equivalent to that reported by 
Tamura et al.> (78%). Our data also readily allow for 
adjustments to be made in the selection of cutoff values. 
For example, with a more stringent cutoff for abdom- 
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inal circumference (=1.3 cm/wk), the sensitivity falls 
to 67%; however, 21 of 22 (95%) fetuses are correctly 


identified as being LGA (Table III). 

Hadlock et al. evaluated another approach to iden- | 
tify the macrosomic fetus in utero. By use of the 
femur length/abdominal circumference ratio, a time- 
independent body proportionality index, these authors 
studied 156 fetuses within 1 week of delivery. Using a 
cutoff of <20.5% (representing the 10th percentile), 
they were able to detect only 63% of their LGA pop- 
ulation. We used a less stringent cutoff of femur 
length/abdominal circumference of <21% and could 
identify only 58% of the LGA group. A 42% false- 
positive rate further limits the predictive value of this 
method. These results seem disappointing, because an 
improvement in the data of Hadlock et al."' might be 
expected when applied to a group at high risk of asym- 
metric macrosomia. 

In summary, this study confirms that serial ultraso- 
nography may detect the onset of excessive growth in 
the fetus of the mother with diabetes. Abdominal cir- 
cumference growth appears to be accelerated by 32 
weeks’ gestation in LGA infants. Measurement of ab- 
dominal circumference growth during the final 8 weeks 
of the last trimester can be helpful in predicting the 
LGA fetus. Further studies are underway to determine 
if this information will be useful in selecting the optimal 
route of delivery. 
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Second-trimester placental volume measurement by 
ultrasound: Prediction of fetal outcome 


Hans Wolf, MD, Hans Oosting, PhD, and Pieter E. Treffers, MD 


Amsterdam, The Netherlands 


A prospective study evaluated sonographic second-trimester placental volume measurements in the 
prediction of fetal outcome. A parallel section scan method was used. Abnormal fetal outcome could be 
predicted with a sensitivity and specificity of approximately 90%. Evidence is given that fetal growth 
retardation is preceded by abnormal placental development in the first half of pregnancy. To a large 
extent, fetal birth weight and outcome are results of placental development and the ability of the placenta 
to meet the growing needs of the fetus as determined by its intrinsic growth potential. (Am J OBSTET 


GYNECOL 1989;160:121-6.) 


Key words: Fetal growth, placental volume, ultrasound 


Placental and neonatal weight at delivery are related. 
The ratio of placental/neonatal weights diminishes 
from +0.3 at 25 weeks’ gestation to +0.15 at term and 
is usually lower when growth retardation occurs. 
Whether a small placenta is the cause of fetal growth 
retardation or whether both fetus and placenta are 
equally limited by other factors remains open to debate. 

Although several authors have described techniques 
for placental measurement by ultrasound,”” only Hoog- 
land et al.* have demonstrated a relationship between 
a small placental surface area in the second trimester 
of pregnancy and the delivery of a small-for-gestational 
age infant. The relation between second-trimester pla- 
cental volume and fetal outcome, as described in this 


From the Department of Obstetrics and Gynecology, Academic Medical 
Centre. 

Received for publication June 17, 1988; accepted July 29, 1988. 

Reprint requests: Hans Wolf, MD, Department of Obstetrics and 
Gynecology, Academic Medical Centre, Meibergdreef 9, 1105 AZ 
Amsterdam, The Netherlands. 


article, has not been investigated earlier, and to the best 
of our knowledge no prospective studies exist. 


Material and methods 


Pilot study. In 16 patients from approximately 10 to 
14 weeks’ gestational age on, placental volume, uterine 
volume, fetal biparietal diameter, and fetal abdominal 
transverse section area were measured every 2 to 4 
weeks. Because we were interested in the predictive 
value of measurement results obtained during the sec- 
ond trimester on fetal outcome, only results obtained 
before 30 weeks of pregnancy were taken into account. 

Measurements were performed with a Diasono- 
graph NE 4200 (Nuclear Enterprises Ltd., Edinburgh, 
U.K.) compound B scan combined with a real-time sec- 
tor scan calibrated for a sound velocity of 1600 m/sec. 
After 1985 all fetal parameters were measured with a 
Diasonics DR100 scanner (Diasonics, Milpitas, Calif.) 
calibrated at 1540 m/sec. All results were corrected to 
a sound velocity of 1600 m/sec. 
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Fig. 1. Pilot study. All measurements of placental volume until 
30 weeks of pregnancy. 
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Fig. 2. Pilot study. All measurements of uterine volume until 
30 weeks of pregnancy. 


Table I. Outcome of pregnancy tabulated against volume measurements of placenta and uterus from 130 


to 159 and from 160 to 189 days of pregnancy 






Gestational age at measurement 





Placental volume, 130-159 days 
Normal 78 
Intermediate 4 
Abnormal 0 


Total 82 


Placental volume, 160-189 days 
Normal 80 
Intermediate l 
Abnormal 0 


Total 81 


Uterine volume, 160-189 days 
Normal 70 
Intermediate 6 
Abnormal 0 


Total l 8l 






9 l 88 
2 9 15 
0 7 _7 
1] 17 110 
5 l 86 
6 3 10 
2 13 15 
13 17 111 
9 7 88 
l 2 9 
at 8 14 
11 17 109 


a 


Normal, volume > limit I; intermediate, limit I = volume > limit IJ; abnormal, volume = limit II. 


Placental volume was measured by making parallel 
transverse sonographic section scans of the uterus and 
measuring the placental area on each scan. The method 
and its evaluation have been described in detail.’ Pla- 
cental volume was calculated with a modification of the 
rectangular formula: 

PV = {1/3 AQ) + 1/2 : d(1); A(1) + 
12A lady FAA os 
1/2; [d(n — 2) + d(n — 1)] -A (n — 1) + 
1/2 - d(n — 1)- A(n) + 1/3 - A(n)}sin q 


where PV is placental volume, d(n) is the distance be- 
tween sections, numbered consecutively, A(n) is the pla- 
cental section surface area, numbered consecutively, n 
is the total number of section scans, and q is the angle 
of incidence of the section planes. 

Until 26 weeks of pregnancy all placentas could be 
measured irrespective of their location. Thereafter the 
fetus caused too much acoustic shadow to allow mea- 
surement of posterior wall placentae. 

Uterine volume (UV) was calculated from the largest 
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Fig. 3. Prospective study. Measurements between 130 and 159 days of gestational age (one mea- 
surement for each patient). Ratio of the placental volume measurement/ corresponding value of 
limit I (x) is plotted against neonatal birth weight/50th percentile birth weight for gestational age 
at delivery ratio (y). Function: y = 0.181 + 0.998 - x — 0.288 - x. | 


Table II. Calculations of sensitivity and specificity for a second trimester placental or uterine volume 


smaller or larger than limit I 


Gestational age at measurement 


Placental volume, 130-159 days 
Sensitivity 


Specificity 


Placental volume, 160-189 days 
Sensitivity 


Specificity 


Uterine volume, 130-159 days 
Sensitivity 


Specificity 


Data in parentheses are 95% confidence limits. 


Outcome 
94.1% 64.3% 
(71%-99%) (44%-81%) 
93.6% 95.1% 
(86%-97%) (88%-99%) 
94.1% 80.0% 


(71%-99%) (61%-92%) 
90.4% ` 98.8% 
(83%-96%) (93%-100%) 


58.8% 42.9% 
(33%-82%) (24%-63%) 
85.9% 86.4% 


(77%-92%) (77%-93%) 


A us. I + N, Abnormal outcome group versus combined intermediate and normal outcome group; A + I vs. N, combined 
abnormal and intermediate outcome group versus normal outcome group. 


longitudinal section scan area (A) and the largest trans- 
verse diameter (d) as: UV = 2/3-d- A. This is a mod- 
ification o: the method described by Gohari et al.* 

An abnormal outcome of pregnancy was defined as 
a birth weight less than the 2.3rd percentile of Kloos- 
terman’s birth weight chart,’ intrauterine death before 
labor started, or chronic fetal distress before ‘labor 
started (as diagnosed by abnormal nonstress tests) ne- 
cessitating cesarean section. Patients delivering an in- 
fant with a birth weight between the 2.3rd and 10th 
percentiles who did net comply with the other criteria 


were classified as an intermediate outcome group. All 
other patients were defined as having a normal out- 
come of pregnancy. 

Prospective study. Based on limits indicated in the 
pilot study, a prospective trial was started to test the 
value of these limits in patients at risk of growth re- 
tardation or prenatal fetal distress. Patients from the 
pilot study were not included in the prospective trial. 

In 88 patients sonographic measurements as de- 
scribed for the pilot study were made at +20 weeks 
(range 130 to 159 days) and at +25 weeks (range 160 


124 Wolf, Oosting, and Treffers 


1.50 z = abnormal outcome, 
a = itermediate outcome, n= 13 
e = normal outcome, 8 


‘birth weight / p.50—weight 


0.5 


January 1989 
Am J Obstet Gynecol 





1.5 2 
placental volume/limit I 


‘Fig. 4. Prospective study. Measurements between 160 and 189 days of gestational age (one mea- 
surement for each patient). Ratio of the placental volume measurement/corresponding value of 
limit I (x) is plotted against neonatal birth weight/50th percentile birth weight for gestational age 
at delivery (y). Function: y = —0. 112 + 1.307 «x — 0.340 - x. 


to 189 days) of pregnancy. Twenty-two patients were 
examined only at + 20 weeks and 23 patients were stud- 
ied only at +25 weeks. Most women were chosen be- 
cause of increased obstetric risk. Two were excluded 
because obesity made ultrasound results unreliable. 


Results 


Pilot study. Three patients had an abnormal out- 
come of pregnancy. From 20 weeks of gestational age, 
measurements of placental volume in these cases were 
significantly lower than in the 13 patients with a normal 
outcome (Wilcoxon rank sum test, p = 0. 01). Uterine 
volume was lower from 23 weeks in the three patients 
with an abnormal outcome of pregnancy (Wilcoxon 
rank sum test, p = 0. 05). No significant differences in 
biparietal diameter and abdominal transverse section 
area between the group with normal outcomés and the 
group with abnormal outcomes were calculated. 

Two lines were drawn on the placental volumie graph 
(Fig. 1) from 20 weeks of ‘pregnancy, to divide the 
graph into three zones: I, An upper, normal zone; LI, 
an intermediate zone; and III, a lower, abnormal zone. 

An intermediate zone was introduced to compensate 
for measurement error.’ Because of the limited number 
of patients, we thought statistical modeling inappro- 
priate. The lines were estimated by eye to discriminate 
between patients with a normal outcome and those with 


an abnormal outcome. They could be described by the . 


formulas: Limit I = 3 x (duration of pregnancy, i 
days) — 225; and limit II = 3 x (duration of preg- 
nancy in days) — 950. 


In the same way, the uterine volume graph (Fig. 2) 
was divided beginning at 23 weeks of pregnancy: 


Limit I = 25 x (duration of pregnancy in days) — 
2250; and Limit I = 25 x (duration of pregnancy in 
days) — 2500. 


Because no significant differences for biparietal di- 
ameter and abdominal transverse section area mea- 
surements were’ detected in this pilot study, no limits 
could be drawn for these measurements. 

Prospective study. Volume measurements and preg- 
nancy outcome were classified according to the criteria 
developed in the pilot study. Placental volume mea- 
surements from 130 to 159-and from 160 to 189 days 
of pregnancy and uterine volume measurements from 
160. to 189 days of pregnancy are presented in Ta- 
ble I. 

Sensitivity (proportion of subjects with an abnormal 
outcome who -have an abnormal test result) and spec- 
ificity. (proportion of subjects with a normal outcome 
who have a normal test result) were calculated with 95% 
confidence limits, for the different periods of mea- 
suremient. In these calculations all volume measure- 
ments below or equal to limit I were defined as abnor- 
mal. Calculations were made separately for the group 
with an abnormal outcome and for the abnormal out- 
come group combined with the intermediate outcome 
group. Results are listed in Table II. 

For the second-trimester measurements of biparietal 
diameter and abdominal transverse section area, no 
correlation with or predictive value on fetal outcome 
could be found, even in retrospect. 
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To examine the relationship between second- 
trimester placental volume and birth weight, the pa- 
rameters had to be. made independent of gestational 
age. On the x-axis the ratio of placental volume and 
the corresponding value of limit I was plotted. For the 
y-axis we calculated birth weight (in kilograms) divided 
by the 50th percentile birth weight for gestational age 
at delivery.' A polynomial function gave a significantly 
better description of the correlation between placental 
volume ratio and birth weight ratio than did a linear 
function (F test, p < 0.001). 

Fig. 3 shows the measurements made from 130 to 
159 days of gestational age and Fig. 4 shows the mea- 
surements from 160 to 189 days of gestation. 


Comment 


The prediction and prevention of intrauterine fetal 
distress or death are major goals in obstetric care. The 
most important indicator in this effort is fetal growth. 
Problems arise because not all small-for-gestational age 
infants are really growth retarded, and not all growth- 
retarded infants are clearly small for gestational age. 
Thus we defined the abnormal group not only by a 
very low birth weight (below the 2.3rd percentile of 
Kloosterman’s graph,') but also by the occurrence of 
fetal distress or death before labor started. Fetal distress 
during labor was excluded, as reasons for this are man- 
ifold and often not predictable. Because many studies 
use the 10th percentile as a division between normal 
and abnormal weight, we included an intermediate 
group with a birth weight between the 2.3rd and 10th 
percentiles of Kloosterman’s graph. 

In this prospective trial of placental volume mea- 
surement in the second trimester, an abnormal fetal 
outcome could be predicted with a sensitivity and a 
specificity Of approximately 90% (Table II). When com- 
paring the group with an abnormal outcome with the 
intermediate and normal outcome groups, no differ- 
ences in predictive values could be ‘detected for mea: 
surements at +20 or at +25 weeks of pregnancy. For 
separating the combined abnormal and intermediate 
outcome group from the normal outcome group, the 
sensitivity at +20 weeks was fairly low and increased 
significantly when measurements were performed at 
+25 weeks. Apparently, placental development i is dis- 
turbed at-a later date in the intermediate outcome 
group than in the abnormal outcome group. It is not 
surprising that in this situation, the impact on outcome 
is less serious. 

On comparison of placental and uterine volume mea- 
surements at +25 weeks, the sensitivity of placental 
volume measurement proved significantly better. Spec- 
ificity is more comparable and differs significantly only 
for differentiating the combined abnormal and inter- 
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mediate outcome group from the normal outcome 
group. 

Fetal sonographic parameters including biparietal di- 
ameter and ATA, in the second trimester had no pre- 
dictive value on fetal outcome. 

An abnormal placental development precedes fetal 
complications as defined in this study. Placental volume 
and placental supply are closely related. A large part 
of the prenatal placental volume consists of circulating 
maternal and fetal blood.’ A diminished prenatal pla- 
cental volume will not only be caused by a smaller cel- 
lular mass but also by a lesser amount of circulating 
blood in the placenta. An abnormal maternal blood 
supply can be regarded as the major cause of a small 
placental volume. 

‘Kloosterman’ concluded from a large study on neo- 
natal birth weight and placental weight that a restriction 
in placental supply could limit’ fetal growth. Other 
investigators’ are in agreement with this conclusion. It 
was inferred that birth weight is probably determined 
by the balance between fetal growth potential and pla- 
cental supply. We found that the relationship between 
placental volume and birth weight followed a curvilin- 
ezr function. This indicates that a correlation with sub- 
sequent birth weight exists only for the lower second- 
trimester placental volume range (Figs. 3 and 4). It 
appears that if second-trimester placental volume re- 
mdins below a certain limit, then fetal growth will be 
restricted and fetal complications may occur. Normally 
the placental supply will meet the fetal needs and neo- 
natal weight will mostly be determined by the fetal 
growth potential. 

A longitudinal study of placental volume measure- 
ments is in progress to obtain more data on individual 
growth patterns. 

Although the technique presented for second- 
trimester placental volume measurement proved ef- 
fective in selecting high-risk patients, a major drawback 
to its clinical use is the length of the procedure. An 
easier technique is presently being evaluated. 
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The biologic significance of cytologic atypia in 


progestogen- -treated endometrial hyperplasia 


Alex Ferenczy, MD, ana Morrie Gelfand, MD 
Montreal, Quebec, Canada 


Eighty-five menopausal women (mean age 56 years) with endometrial hyperplasia without (65 patients, 
group 1) and with cytologic atypia (20 patients, group 2) were followed up prospectively from 2 to 12 years 
(mean 7 years) to shed insight into their respective response to oral medroxyprogesterone acetate 
therapy. In group 19 of 65 patients (14%) had persistence, 4 (6%) had recurrence, and none developed 
carcinoma. In group 2 10 of 20 patients (50%) had persistence and 5 had recurrence with cytologically 
atypical disease. Five of 20 patients (25%) developed adenocarcinoma at 2 to 7 years (mean 5.5 years) 
after starting medroxyprogesterone acetate therapy. The data suggest that most women with hyperplasia 
respond to progestogenic therapy and are not at increased risk of developing cancer. The patients with an 
unfavorable response to medroxyprogesterone acetate and a significant elevation in cancer risk can be 
identified on the basis of cytologic atypia. (AM J OBSTET GYNECOL 1989; 160:126-31 .) 


Key words: Hyperplasia, atypia, progestogen therapy 


Women who have received a histologic diagnosis of 
endometrial hyperplasia have classically been consid- 
ered to have an increased risk of developing adeno- 
carcinoma of the endometrium." However, hyperpla- 
sia contains a spectrum of histologic changes from sim- 
ple exaggeration of: the normal proliferative state at 
one extreme to changes that are close to carcinoma at 
the other. Several investigators have attempted to sub- 
divide, by both clinical and laboratory means, this spec- 
trum into more homogeneous and therapeutically and 
prognostically relevant ` categories.“ The results of 
these studies suggest that the risk of endometrial car- 


From the Departments of Pathology and Obstetrics and. Gynecology, 
The Sir Mortimer B. Davis Jewish General Hospital and McGill 
University. 

Supported by grants from SD-Path 4 and Ob/Gyn-6 Research Funds 
of The Sir Mortimer B. Davis Jewish General Hospital. 

Presented at the First Annual Meeting of the International Society 
of Gynecologic Oncolegists, Amsterdam, Holland, September 5-8, 
1987. 

Received for publication February 11, 1988; revised May 10, 1988; 
accepted July-26, 1988. . 

Reprint requests: Alex Ferenczy, MD, The Sir Mortimer B. Davis 
Jewish General Hospital, 3755 Cote St. Catherine Road, Montreal, 
Quebec, Canada H3T 1E2. 


126 


cinoma is concentrated in those with cytologic atypia. 
However, the number of patients with hyperplastic en- 
dometrium in most of these studies was not sufficiently 
large or histologically defined to permit generalization 
and interpretation of the histologic subgroup analysis, 
particularly with. respect to response to progestational 
suppressive therapy. 

We conducted a prospective study of sufficient size 
(as determined by statistical analysis) and duration to 
determine the influence of cytologic atypia on the re- 
sponse of so-called hyperplastic endometria to proges- 
togen therapy including rates of regression, recur- 
rence, persistence, and progression to carcinoma. 


Material and methods 


A total of 115 menopausal and postmenopausal 
women 46 to 64 years old with histologically proved 
endometrial hyperplasia were enrolled into this pro- 
spective study, which was initiated in June 1973 and 
ended in June 1985 (12 years). Because of fear of de- 
veloping carcinoma of the uterine corpus or because 
intermittent spotting developed, 30 patients elected to 
discontinue medroxyprogesterone acetate therapy and 
were excluded from the study. None of these patients 
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Fig. 1. Endometrial hyperplasia without cytologic atypia. A, Voluminous glands supported by abun- 
dant stroma. The gland-stroma ratio is normal and architectural alterations of glands are minimal. 
(Hematoxylin and eosin. Original magnification X 120.) B, Tall gland cells with regular pseudo- 
stratification of pencil-shaped nuclei and occasional mitotic figures (arrow) are seen. (I lematoxylin 
and eosin. Original magnification x 500.) 





Fig. 2. Endometrial hyperplasia without cytologic atypia. A, Large glands with complex architecture 
including Y-shaped configuration (middle) are seen in close apposition. (Hematoxylin and eosin. 
Original magnification x 250.) B, Detail of nuclei devoid of significant atypia. (Hematoxylin and 
eosin, Original magnification x 250.) 


had cytologically atypical endometria at entry in the 
study. The remainder of these 85 women were 49 to 
60 years old (mean 56); 60 of them initially had 
menopausal-postmenopausal bleeding and 25 were on 
a regimen of conjugated estrogens alone (Premarin 
0.625 to 1.25 mg) as replacement therapy. Endometrial 


disease in the latter group was discovered during test- 
ing for corpus carcinoma. Fifty-six of the 85 patients 
(66%) were obese (weight =90 kg), 20 (23.5%) had 
medically controlled diabetes, and 24 (28%) had hy- 
pertension. In each case, before entry of the patient in 
the study, the endometrium was sampled (by M. M. G.) 
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Fig. 3. Endometrial intraepithelial neoplasia. A, Cytologic atypia includes rounding of nuclei and 
disturbed nuclear cohesion and organization, The nuclear chromatin is coarse and the nucleoli are 
enlarged. (Hematoxylin and eosin. Original magnification x 750.) B, Distended glands with intra- 
luminal epithelial projections are associated with cytologically atypical cells. (Hematoxylin and eosin. 


Original magnification X 250.) 


by means of curettage with the patient under general 
anesthesia. The rationale for this approach was to pro- 
vide the best possible histologic ascertainment (by 
A. F.) of the entire cavity, i.e., correctly classifying hy- 
perplasia and ruling out coexistent carcinoma. A writ- 
ten consent was obtained from each patient. According 
to the histologic diagnosis at entry, the patients were 
divided into two groups: group 1, 65 patients (mean 
age 51) with endometrial hyperplasia but without cy- 
tologic atypia; group 2, 20 patients (mean age 58) with 
endometrial hyperplasia with cytologic atypia. Endo- 
metrial hyperplasia without atypia was defined as an 
increased number of voluminous glands, the architec- 
ture (shape) and growth pattern of which ranged from 
simple (Fig. 1, A) to complex (Fig. 2, A). The gland 
cells were devoid of cytologic atypia (Figs. 1, B, and 2, 
B). The stroma was abundant in simple glandular hy- 
perplasia and reduced in complex glandular prolifer- 
ations. The traditional terms used for these lesions in- 
clude anovulatory, persistent proliferative endome- 
trium, cystic glandular hyperplasia, adenomatous 
hyperplasia, and simple and complex hyperplasia with- 
out cytologic atypia.” *'>'* Endometrial hyperplasia 
with significant cytologic atypia contained nuclear pleo- 
morphism, rounding and enlargement, and macro- 
nucleoli (Fig. 3, A). The cytoplasmic substance was pale 
to eosinophilic and was devoid of cilia. Architectural 
alterations of the glands were usually present and in- 
cluded papillary projections and a cribriform pattern 
(Fig. 3, B). Alternative names for such lesions include 
atypical adenomatous hyperplasia, atypical complex hy- 
perplasia, simple and complex hyperplasia with cyto- 


logic atypia, and carcinoma in situ.*""*'' '’ We prefer 
to use a unifying generic term for these confusing 
names—endometrial intraepithelial neoplasia. The 
extent of gland cell atypia was semiquantitated by 
counting the number of x 125 microscopic fields that 
were occupied by atypical cells in each histologic 
section. The endometrial response to medroxypro- 
gesterone acetate was considered normal when histo- 
logic examination revealed diffuse proliferative, secre- 
tory, “pill-effect” (often with stromal decidualizaton), 
menstrual-like, or inactive-atrophic changes. 

Both groups were followed up for a minimum of 2 
years and a maximum of 12 years (mean 7 years). 
Follow-up consisted of endometrial cytologic testing 
with the endometrial brush endocyte (Gynecyte) and 
biopsy" at 3- and 6-month intervals, respectively. After 
the preentry histologic diagnosis, conjugated estrogen 
replacement therapy was disconunued in the 25 pa- 
tients treated with estrogen, Patients in group | were 
placed on a regimen of cyclic therapy with 10 mg me- 
droxyprogesterone acetate orally, each day for 14 days 
per month. In the cases in which hyperplasia reverted 
to normal endometrium as evidenced by follow-up bi- 
opsy or biopsies, medroxyprogesterone acetate was de- 
creased to 5 mg orally, for 11 days per month but again 
was increased to the 10 mg regimen if recurrence had 
developed. All group 2 patients received continuous 
medroxyprogesterone acetate therapy, 20 mg orally 
each day during the first 6 months of therapy. Accord- 
ing to endometrial response, therapy was maintained 
or, if endometrial intraepithelial neoplasia reverted to 
normal endometrium, switched to the cyclic 10 mg 
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Table I. Biologic response of group 1 patients 
to oral medroxyprogesterone acetate therapy* 


a 


Treatment response 


Regression 52 80 
Persistence+ 13 20 
Progression to cancer 0 0 
TOTAL 65 100 





*Regimen of 10 mg medroxyprogesterone acetate orally for 
14 days per month per 6 months followed by 5 mg orally for 
11 days per month. 


tIncluding 4 patients with recurrent disease after initial 
response to medroxyprogesterone acetate therapy. 


medroxyprogesterone acetate for 14 days per month 
regimen. 


Results 


IN group | patients regular withdrawal bleeding was 
observed in 47 of 65 (84%). The remainder of patients 
either had staining (10 patients) or failed to have bleed- 
ing during withdrawal periods (8 patients). Seven of 47 
women (15%) gradually stopped experiencing with- 
drawal bleeding by the seventh year of follow-up. In 
10 of 65 patients (15%) progestogen break-through 
bleeding developed and was controlled by temporary 
administration of conjugated estrogens (5 patients) or 
outpatient curettage (5 patients). While receiving the 
10 mg medroxyprogesterone acetate for 14 days per 
month regimen, 17 of 65 patients (26%) developed side 
effects including bloating, migraine headaches, and 
vaginal dryness during the first 12 months of therapy. 
These patients were placed on a regimen of 0.625 mg 
conjugated estrogens for 25 days per month in addition 
to cyclic progestogen therapy. Table I contains the en- 
dometrial responses of the 65 patients in group 1 to 
oral medroxyprogesterone acetate therapy. Seven of 
the initial 56 responders (12.5%) had recurrence; how- 
ever, only 4 of them had persistent hyperplasia. In the 
other 3 patients the endometrium reverted to normal 
after outpatient curettage and on a regimen of contin- 
ued cyclic medroxyprogesterone acetate therapy. Al- 
together endometrial hyperplasia persisted in 13 of 65 
patients (20%) even though medroxyprogesterone ac- 
etate was given at higher doses (20 mg) and fora longer 
duration (30 days rather than 14 days per month) every 
6 months. Hyperplasia was more often of the complex 
“adenomatous” type in these patients (10 of 13, 77%) 
than in the 52 responders (13%) (p < 0.05). None of 
the patients developed either endometrial intraepithe- 
lial neoplasia or carcinoma as evidenced by repeated 
endometrial cytologic testing and biopsies with a mean 
follow-up of 7 years (range 4 to 12 years). Thus overall 
52 of the 65 patients (80%) responded favorably to 
cyclic, long-term progestogenic therapy. In 48 of 52 
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Fig. 4. Biologic response of endometrial hyperplasia without 
atypia (EH) and endometrial intraepithelial neoplasia (EIN) to 
oral medroxyprogesterone acetate therapy. Whereas only 20% 
of cases of endometrial hyperplasia persisted or recurred and 
none progressed to carcinoma, 75% of cytologically atypical 
lesions demonstrated unfavorable treatment response, includ- 
ing 5 of 20 patients with progression to carcinoma (p < 0.01). 


patients (92%) the endometrium reverted to normal by 
12 months of therapy and remained normal with the 
5 mg medroxyprogesterone acetate orally each day for 
11 days per month regimen. Medroxyprogesterone 
acetate—related side effects to the extent of medroxy- 
progesterone acetate was discontinued with this regi- 
men occurred in 10%. As an alternative treatment 
modality, these patients were placed on the 5 mg me- 
droxyprogesterone acetate orally each day for 11 days 
per month regimen only for 3 consecutive months per 
year. None developed recurrent endometrial hyper- 
plasia. Seventeen of 52 patients (33%) had persistent 
normal endometrium despite receiving, in addition to 
medroxyprogesterone acetate, 0.625 conjugated estro- 
gens orally each day for 25 days per month for 3 to 9 
years (mean 6 years). The endometrium in the re- 
maining 4 responders reverted to normal during the 
second follow-up year. 

In group 2 patients occasional progestogen break- 
through bleeding or spotting developed in 16 of 20 
(80%). Eight of 20 patients (40%) developed medroxy- 
progesterone acetate—related side effects, particularly 
headaches and vaginal atrophy, necessitating discontin- 
uation of treatment during 4 weeks every 6 months (6 
patients) or the application of intravaginal conjugated 
estrogen cream | gm once a week every 6 to 8 weeks 
(2 patients). Disease persisted in 10 patients (50%) and 
in 10 (50%) the endometrium reverted to a “pill-effect” 
type of secretory endometrium including extensive 
stromal decidualization between 3 and 12 months of 
therapy. However, 5 of the 10 responders had recur- 
rence while on a regimen of medroxyprogesterone ac- 
etate within 2 to 7 years from the starting date of ther- 
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Table II. Biologic response of group 2 
patients to oral medroxyprogesterone 


acetate therapy 
No. of patients % 


Treatment response 


Regression 5 25 
Persistence* 15 75 
TOTAL 20 100 
Progression to carcinoma 57 25 





*Including 5 patients with recurrent disease. 


+Including 4 patients with persistent disease and | with 
recurrent disease. 


apy (Table II). Five of 20 patients (25%) (4 with per- 
sistent disease, mean age 55 years) and one (50 years 
old) with recurrent disease developed stage I (Inter- 
national Federation of Gynecology and Obstetrics), 
well-differentiated adenocarcinoma at 2 to 7 years 
(mean 5.5 years) after the initial diagnosis of endo- 
metrial intraepithelial neoplasia and the starting date 
of therapy (Table II). If only the cases of persistence 
and recurrence are considered, then 5 of 15 patients 
had progression to carcinoma (Table III). All five pa- 
tients with cancer were obese (weight >90 kg) and 2 of 
5 were treated for diabetes and hypertension. Overall, 
only 5 of 20 patients (25%) responded to long-term 
progestogenic therapy. Three of these 5 patients did 
not have endometrial intraepithelial neoplasia in the 
first 6-month follow-up biopsy specimen and thereafter 
were placed on a regimen of 10 mg orally each day for 
14 days per month. In the remaining 2 endometrium 
reverted to a progestational atrophic type by 6 and 12 
months of therapy, respectively. In all of the patients 
with complete and long-term responses endometrial 
intraepithelial neoplasia was limited to a x 125 micro- 
scopic field in the preentry curettings. In contrast, in 
the 15 nonresponders endometrial intraepithelial neo- 
plasia was comparatively more extensive and involved 
2 to 13 (mean 7) Xx 125 microscopic fields. 


Comment 


The results of this study clearly show that cytologic 
atypia is a highly accurate indicator of the biologic re- 
sponse of so-called hyperplastic endometria to exoge- 
nous, progestogenic therapy. Indeed, excellent long- 
term responses to cyclic medroxyprogesterone acetate 
therapy for a mean observation period of 7 years were 
obtained in 80% of the 65 patients with endometrial 
hyperplasia without cytologic atypia. Experience simi- 
lar to ours has recently been reported by others.'* '’ In 
33 of 39 patients (87%) and 5 of 6 patients (83%),"* 
hyperplastic endometrium without atypia reverted to 
normal endometrium. 

The reason(s) for failure to respond to medroxypro- 
gesterone acetate in 13 of 65 patients (20%) in our study 
with hyperplasia but without cytologic atypia is not 
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Table III. Rates of progression to carcinoma 
according to response to oral 
medroxyprogesterone acetate therapy 


No. of patients % 


Treatment response 


None (persistent disease) 4/10 40 
Recurrence after initial regression 1/5 25 
TOTAL 5/15 33 


clear. It is possible that in such cases cytologically atyp- 
ical endometrium was present but not documented by 
histologic examination. This is unlikely, however, be- 
cause all of the patients in our study underwent mul- 
tiple cytologic and histologic samplings during the 
study period that presumably provided for complete 
endometrial evaluation. Another possibility is that the 
doses of medroxyprogesterone acetate given were in- 
sufficient for inducing secretory differentiation. How- 
ever, even higher doses and longer durations of me- 
droxyprogesterone acetate given to these patients failed 
to produce diffuse secretory differentiation. Also, in 
Gal's study” in which comparatively higher doses (Me- 
gace 20 to 40 mg daily) than ours were given, secretory 
conversion failed to occur in nearly 15% of the cases. 
It is pertinent to note that endometrial hyperplasia was 
associated with a complex (“adenomatous”) growth pat- 
tern (77%) comparatively more often in our nonre- 
sponders than in the responder group (13%). 

In this study none of the 65 patients with endometrial 
hyperplasia had progression to carcinoma, at least dur- 
ing a mean follow-up period of 7 years and while re- 
ceiving exogenous medroxyprogesterone acetate. Even 
in the 17 patients who were receiving sequential con- 
jugated estrogen—medroxyprogesterone acetate ther- 
apy and those with persistent and recurrent disease (13 
patients) who also were followed up and maintained on 
a regimen of cyclic medroxyprogesterone acetate ther- 
apy for a mean of 7 years, carcinoma failed to develop. 
Our observations are supported by those of McBride, '® 
who followed up more than 500 premenopausal 
women with “cystic glandular hyperplasia” (which to- 
day would be classified as endometrial hyperplasia with- 
out atypia) into their postmenopausal years. He failed 
to find higher rates of invasive carcinoma in these 
women (4 of 1000) when compared with those (6 to 9 
per 1000) reported in the general postmenopausal pop- 
ulation.'” '* Kurman et al.'* reported progression to 
carcinoma in 2 of 122 women (1.6%) with hyperplasia 
in whom the initial histologic examination showed no 
cytologic atypia. Both of these patients were in their 
20s and presumably had polycystic ovary syndrome. 
These women are presumed to be genetically predis- 
posed to long-standing anovulation and have a signif- 
icantly higher risk of endometrial cancer than 
menopausal-postmenopausal women with hyperplasia 
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but without a past history of polycystic ovary syn- 
drome.* Also in one of the two patients of Kurman 
carcinoma developed from “atypical hyperplasia” (en- 
dometrial hyperplasia with cytologic atypia) and not 
from hyperplasia without atypia, whereas in the second 
case the microscopic slides were not available for review 
to substantiate “two small foci of carcinoma.” 

In contrast to endometrial hyperplasia without cy- 
tologic atypia, cytologically atypical lesions in this study 
showed high failure rates (15 of 20, 75%) with com- 
paratively higher doses of orally administered me- 
droxyprogesterone acetate ( Fig. 4). Our results contrast 
with some of the previously reported series in which a 
complete response to medroxyprogesterone acetate 
therapy as high as 84%" to 100%'*** has been achieved. 
The comparatively higher doses of progestogens given 
in the Gal study and the very short follow-up (6 weeks) 
in the Wentz’®™ studies are factors that make compar- 
ison with ours inappropriate. Also, no photomicro- 
graphs were offered to illustrate the various forms of 
hyperplasia and “carcinoma in situ” treated nor was 
complete response defined. The experience of many is 
that endometrial cytologic atypia treated by progesto- 
gens, at least orally, is associated with high rates of 
persistent disease* *'' '**' and tends to recur afer dis- 
continuation of progestational therapy. The latter 
has important clinical implications because relatively 
high doses of progestogens provoke side effects that 
lead to poor patient compliance for long-term therapy. 
In our study as many as 40% of patients developed 
headaches, bloating, increased appetite, premenstrual 
tension, and vaginal dryness. 

Furthermore, this study shows that persistent and 
recurrent disease carries high risks of carcinoma. 
Whereas the overall rate of progression was 25% (5 of 
20 patients) at 2 to 7 years (mean 5.5 years), progression 
rates were as high as 33% in 15 patients with persistent 
and recurrent disease combined when only patients 
with persistent disease were considered. These obser- 
vations confirm previous prospective and retrospective 
studies on women with endometrial hyperplasia with 
cytologic atypia who were found to be at significant risk 
(11% to 75%) for developing adenocarcinoma of the 
endometrium." ***'* Cytologic atypia as the most im- 
portant single indicator for the subsequent develop- 
ment of carcinoma also has been observed in other 
reproductive tissue systems including the female mam- 
mary gland® and prostate.” 

In conclusion, according to the present study hyper- 
plasia without atypia responds favorably to oral me- 
droxyprogesterone acetate therapy. Women with cy- 
tologically atypical lesions that involve more than x 125 
microscopic fields and who no longer wish to conceive 
are best managed by transabdominal hysterectomy be- 
cause they tend to have persistence rather than regres- 
sion and carry a significant potential of carcinoma. 


: - 


Hyperplasia, cytologic atypia, and medroxyprogesterone therapy 131 


REFERENCES 


. Gusberg SB, Kaplan AL. Precursors of corpus cancer. IV. 


Adenomatous hyperplasia or stage 0 carcinoma of the 
endometrium, AM |] OBSTET GYNECOL 1963;87:662. 


. Gusberg SB, Chen SJ, Cohen CJ. Endometrial cancer: 


factors influencing the choice of treatment. Gynecol Oncol 
1974;2:30. 


. Beutler HK, Dockerty MB, Randall LM. Precancerous 


lesions of the endometrium. AM J] OBSTET GYNECOL 
1963;84:433. 


. Chamlian DL, Taylor HB, Endometrial hyperplasia in 


young women. Obstet Gynecol 1970;36:659. 


. Sherman Al, Brown S. The precursors of endometrial 


carcinoma. AM J OBSTET GYNECOL 1979;135:947. 


. Hertig AT, Sommers SC, Bengloff H. Genesis of endo- 


metrial carcinoma. I11. Carcinoma in situ. Cancer 1949; 
2:964. 


. Welch WR, Scully RE. Precancerous lesions of the en- 


dometrium. Hum Pathol 1977:8:503. 


. Tavassoli FA, Kraus FT. Endometrial lesions in uteri re- 


sected for atypical endometrial hyperplasia. Am J Clin 
Pathol 1978;70:770. 


. Colgan TJ, Norris HJ, Foster W, et al. Predicting the out- 


come of endometrial hyperplasia by quantitative analysis 
of nuclear features using a linear discriminant function. 
Int | Gynecol Pathol 1983;1:347. 


. Aausems EWMA, Van der Kamp JK, Baak JPA. Nuclear 


morphometry in the determination of the prognosis of 
marked atypical endometrial hyperplasia. Int | Gynecol 
Pathol 1985;4:180. 


- Fox H, Buckley CH. Invited review —the endometrial hy- 


perplasias and their relationship to endometrial neoplasia. 
Histopathology 1982;6:493. 


. Kurman RJ, Kaminski PT, Norris HJ. The behavior of 


endometrial hyperplasia: a long-term study of “un- 
treated” hyperplasia in 170 patients. Cancer 1985;56:403. 


. Ferenczy A. Endometrial hyperplasia and neoplasia: a two 


disease concept. In: Cohen C, Kale MG, eds. Contem- 
porary issues in obstetrics and gynecology. New York: 
Churchill Livingstone, 1988 vol 5. 


. Ferenczy A, Gelfand MM. Outpatient endometrial sam- 


pling with endocyte: comparative study of its effectiveness 
with endometrial biopsy. Obstet Gynecol 1984;63:295. 


. Gal D. Hormonal therapy for lesions of the endometrium. 


Semin Oncol 1986;13:33. 


- McBride JM. Pre-menopausal cystic hyperplasia and en- 


dometrial carcinoma. | Obstet Gynaecol Br Emp 1959; 
66:288. 


. Koss LG, Schreiber K, Oberlander SG, et al. Screening of 


asymptomatic women for endometrial cancer. Obstet Gy- 
necol 1981;57:681. 


. Christopherson WM, Mendez WM, Parker JE, et al. Car- 


cinoma of the endometrium: a study of changing rates 
over a 15-year period. Cancer 1971;27:1005. 


. Wentz WB. Effect of a progestational agent on endome- 


trial hyperplasia and endometrial cancer. Obstet Gynecol 
1964;24:370. 


- Wentz WB. Treatment of persistent endometrial hyper- 


plasia with progestagen. AM J] Ossrer GyNecoL 1966; 
96:999. 


. Gelfand MM, Ferenczy A. Advances in diagnosis and 


treatment of endometrial hyperplasia and carcinoma. 
Compr Ther 1983;9:12. 


. Eichner E, Abellera M. Endometrial hyperplasia treated 


by progestagens. Obstet Gynecol 1971;38:739. 


. Page DL, Dupont WD, Rogers LW, et al. Atypical hyper- 


plastic lesions of the female breast: a long-term follow-up 
study. Cancer 1985;55:2698. 


. Gleason DF. Atypical hyperplasia, benign hyperplasia and 


well-differentiated adenocarcinoma of the prostate. Am 


J Surg Pathol 1985;3:53. 





Detection of bacterial vaginosis in Papanicolaou smears 


Jens-Jérgen Platz-Christensen, MD,* Per-Göran Larsson, MD," Evan Sundström, CT,” and 


Lennart Bondeson, MD, PhD” 
Skövde, Sweden 


In a prospective study of 145 women, bacterial vaginosis was clinically diagnosed in 46 women. Compared 
with clinical diagnosis of bacterial vaginosis, detection of so-called clue cells in Papanicolaou smears 
showed a sensitivity of 90% and a specificity of 97%. The positive and negative predictive values were 
94% and 95%, respectively. The study results indicate that demonstration of clue cells in Papanicolaou 
smears is a useful method for identification of women with probable bacterial vaginosis. This provides a 
basis for the use of archival material in retrospective studies with regard to possible links between 
bacterial vaginosis and development of cervical cancer. (AM J Opstet GYNECOL 1989;160:132-3.) 


Key words: Bacterial vaginosis, vaginal cytology, cervix neoplasia 


A recently published hypothesis suggests that bac- 
terial vaginosis could be important in the development 
of neoplasia of the cervix because the abnormal micro- 
flora in this condition produce carcinogenic nitrosa- 
mines.' One way to evaluate this important data is to 
study the occurrence of epithelial atypia in vaginal 
smears from women with bacterial vaginosis. A pre- 
requisite for such a retrospective study is that a reliable 
marker of bacterial vaginosis can be identified in rou- 
tine Papanicolaou smears. The presence of such a 
marker has previously been denied.” However, in that 
1974 report diagnostic criteria differed from those gen- 
erally accepted today; therefore we reevaluated the is- 


sue in this study and applied current clinical criteria of 


bacterial vaginosis. 


Material and methods 


The study comprised 145 women of childbearing age 
who were examined by one of us (P. L. or J. P. C.) at 
a gynecologic outpatient clinic. Women with vaginal 
bleeding and those who had been treated with anu- 
biotics <1 month before examination were excluded 
from the study; otherwise, the material comprises pa- 
tients who were seen consecutively. A diagnosis of bac- 
terial vaginosis was made when three of the following 
four characteristics were observed: (1) thin homoge- 


neous discharge, (2) amine odor after the addition of 


20% potassium hydroxide, (3) clue cells in wet smear, 
and (4) vaginal pH >4.5.° Microbiologic examinations 
were not performed routinely. 

When the wet smear was prepared, another smear 
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was fixed in 96% ethanol and was subjected to Papa- 
nicolaou stain. The stained smears were examined by 
one of us (E. S.) without knowledge of the clinical di- 
agnosis. The specimens were divided into two groups 
according to the presence or absence of so-called clue 
cells (i.e., superficial squamous cells with a peculiar 
grayish granular appearance caused by the accumula- 
tion of large amounts of bacteria on the surface" *). 


Results 


Among the 145 women examined, bacterial vaginosis 
was clinically diagnosed in 46. Clue cells were found in 
the Papanicolaou smears of 41 of these 46 women. Of 
the 99 women who did not fulfill the requirements for 
diagnosis of bacterial vaginosis, 96 had no clue cells in 
the Papanicolaou smears. Thus, compared with clinical 
diagnosis of bacterial vaginosis, detection of clue cells 
in Papanicolaou smears showed a sensitivity of 90% and 
a specificity of 97%. The positive and negative predic- 
tive values of the method tested were 94% and 95%, 
respectively. 

Two of the three women with clue cells in the Pa- 
panicolaou smears—despite insufficient findings with 
regard to a definite diagnosis of bacterial vaginosis— 
showed two of the four disease characteristics previ- 
ously listed. None of the characteristics was evident in 
the other woman. 


Comment 


Our results show a very good correlation between the 
presence of clue cells in Papanicolaou smears and the 
clinical diagnosis of bacterial vaginosis on the basis of 
current criteria. Previous failure to find such a corre- 
lation probably can be attributed to the reference 
method used for diagnosis (i.e., culture of Gardnerella 
vaginalis), which has been found inadequate in later 
research that shows G. vaginalis commonly occurs in the 
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vaginas of women without bacterial vaginosis and that 
bacterial vaginosis may be produced by microorganisms 
other than G. vaginalis.” 

The findings in this study indicate that demonstra- 
tion of clue cells in Papanicolaou smears is useful in 
the identification of women with probable bacterial vag- 
inosis. Accordingly, archival smears with long-term 
follow-up can be used in retrospective research with 
regard to possible risks associated with bacterial vagi- 
nosis, notably the development of cancer of the cervix. 
This correlation has been suggested’ on the basis that 
the abnormal microflora in bacterial vaginosis is capable 
of producing nitrosamines, which are converted by cel- 
lular metabolism into carcinogenic derivatives that in- 
teract with the genetic deoxyribonucleic acid code. It 
is possible that nitrosamines act synergistically with 
other oncogenic agents like papillomaviruses.’ 
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Preoperative sonographic evaluation of endometrial cancer 


Bruno Cacciatore, MD, Pentti Lehtovirta, MD, Torsten Wahlström, MD, and 
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Helsinki, Finland 


Preoperative sonography was performed in 93 patients with a histologic diagnosis of endometrial cancer. 
Uterine volume was enlarged (mean, 164 + 143.7 cm®; range, 25 to 800) but did not significantly correlate 
with the degree of myometrial invasion. Endomerial echoes were identified in 93.5% of the cases. A 
significant correlation (p < 0.01, Newman-Keuls test) was found between endometrial echoes volume and 
myometrial invasion. Myometrial invasion was correctly predicted by sonography in 80% of the cases. 
Polypoid intraluminal growth was the most common factor affecting sonographic accuracy. Sonographic 
staging was accurate in 91% of the cases. Sonography appears to be an efficient, economic, and practical 
tool for clinical staging of endometrial cancer. (Am J Osstet GynecoL 1989;160:133-7.) 


Key words: Uterine neoplasms, ultrasonic, uterus, endometrium 


Appropriate management of endometrial cancer is 
closely related to a correct establishment of tumor size, 
myometrial invasion, and tumor spread outside the 
uterus." * However, clinical staging is often incorrect 


From the Department of Obstetrics and Gynecology, Helsinki Uni- 
versity Central Hospital. 

Supported by a grant from the Academy of Finland. 

Received for publication February 4, 1988; revised June 7, 1988; 
accepted July 29, 1988. 

Reprint requests: Bruno Cacciatore, MD, Departments of Obstetrics 
and Gynecology, Helsinki University Central Hospital, Haartman- 
inkatu 2, SF-00290 Helsinki, Finland. 


compared with surgical findings.* * Tumor spread can 
be assessed at surgery; however, accurate preoperative 
staging might be valuable. More invasive surgical 
procedures or preoperative irradiation trials can be 
planned if more extensive tumor spread is found. In 
addition, assessment of tumor spread is important 
when conservative treatment must be used. 

Preliminary reports from ours and other groups have 
indicated that high-resolution sonography is an effi- 
cient tool in predicting the degree of myometrial in- 
vasion of endometrial cancer.” “ 

The purpose of the present study was to evaluate the 
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Fig. 1. Invasion beyond the uterus: longitudinal scan. Tumor 
echoes (arrowhead) with a hyperechoic texture reach the uter- 
ine border. Also the cervix (CE) is invaded. B, Bladder; U, 
uterus; mark = | cm. 


Table I. Uterine and endometrial echoes 
volume (cm*) in relation to the degree of 


myometrial invasion 










Endometrial 





Uterine volume echoes volume 





Myometrial 
invasion 





MI 140.2 109.7 4.4% 5.5 
M2 162.1 87.6 9.84 6.0 
M3 187.3 213.4 13.87 10.6 
B 253.4* 189.2 20.07% 11.4 
Total 164.0 143.7 8.5 6.5 


M1, Less than one third: M2. one third to two thirds: M3. 
more than two thirds: B, beyond the uterus. 


*p < 0.01, between B and all the other groups. 


tp < 0.01, between each group. 


accuracy of sonography in staging endometrial cancer. 
Therefore we have compared sonographic assessment 
of tumor spread with surgical and histological findings 
in 93 women undergoing hysterectomy because of en- 
dometrial cancer. 


Material and methods 


Ninety-three subjects with a histologic diagnosis of 


endometrial cancer obtained by dilatation and curet- 
tage and undergoing hysterectomy were consecutively) 
evaluated. Mean age was 65.6 + 8.7 years (range, 
45 to 87 years). Ten (10.8%) were premenopausal. 
Twenty-three women (24.7%) had received hormonal 
replacement therapy. Patients actively bleeding were 
not included in the study. 

Ten postmenopausal women, five of whom received 
hormonal replacement therapy with no history of gy- 


necologic disease, served as voluntary control subjects. 
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Fig. 2. Superficial invasion: longitudinal scan. Endometrial 
echoes (arrowhead) are thickened, but the mvometrium appeal 
intact. No cervical involvement is seen. U, Uterus: B. bladder. 


Sonography was performed the day before hysterec- 
tomy; the investigator knew the dilatation and curet- 
tage findings. The mean time between dilatation and 
curettage and sonography was 21 + 5 days (range, 9 
to 35 days). Sector scanners (Aloka SSD 710, 280 LS, 
and 630) with 3.0, 3.5, and 5.0 MHz transducers were 
used. During sonography the volume of uterus and 
endometrial echoes was measured and myometrial in- 
vasion was assessed as previously described. ' 

The invasion was classified as superficial (M1), mod- 
erate (M2), and deep (M3) when less than one third, 
one third to two thirds, and more than two thirds of 
the myometrium was involved. If endometrial echoes 
were seen reaching and deforming the uterine surface, 
invasion was classified as beyond the uterus (Fig. 1). 
When no endometrial echoes were identified or an in- 
tact halo surrounding the endometrial echoes was seen, 
absence of myometrial invasion was suspected (Fig. 2). 
However, for comparison, these cases were included in 
the M1 group because the presence of microscopic in- 
vasion could not be excluded. 

The cases with no spread outside the uterus (M1, 
M2, and M3) were grouped as Stage I. Cervical invasion 
was suspected when the echograms revealed that the 
endometrial echoes continued until the cervical canal. 
These cases were grouped as Stage II. Subjects with 
invasion beyond the uterus were classified as Stages II] 
and IV. 

Clinical staging and histologic grading were made 
according to the recommendation of International Fed- 
eration of Gynecology and Obstetrics.’ Sonographic 
evaluation was compared with postoperative histologic 
findings. 

Comparison between means was made with the 
Newman-Keuls multiple range test. Accuracy, sen- 
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Fig. 3. Well-differentiated adenocarcinoma with high-density 


echoes (arrowhead). Longitudinal scan; invasion is deep. U, 


Uterus; B. bladder: mark = | cm. 


sitivity, and specificity were calculated by means of 
the following equations: sensitivity = TP/TP + 
FN; specificity = TN/TN + FP; accuracy = TP + 
TN/TP + TN + FP + FN, where TP is true positive, 
TN true negative, FN false negative, and FP false pos- 
itive. 


Results 


Adenocarcinoma was found in 89 cases, adeno- 
achantoma in two, and carcinoma adenosquamous in 
two. Myomas were also detected in 26 cases (28%). 

Uterine volume (mean, 164 + 143.7 cm‘; range, 
25 to 800) was significantly (p< 0.001, Student 
t test) enlarged compared with control subjects (mean, 
82.2 + 41 cm’; range, 24 to 160). An increase in uterine 
volume according to the degree of myometrial invasion 
was observed (Table 1). However, differences between 
the means were not statistically significant except for 
patients with invasion beyond the uterus (p < 0.01, 
Newman-Keuls test). 

Endometrial echoes (mean volume, 6.5 + 4.5 cm’; 
range, 0.5 to 41) were identified by sonography in 87 
patients (93.5%). In the other six patients the uterine 
cavity was not clearly identifed. Endometrial echoes 
with a thickness of 3 to 6 mm were seen in four of the 
control subjects receiving replacement therapy. High- 
intensity echoes (Fig. 3) were observed in 70 patients 
(80%), most of whom (61, or 87%) had well- or mod- 
erately differentiated carcinoma (International Feder- 
ation of Gynecology and Obstetrics grades 1 and 2). 
Hypo- or isoechoic echoes, if compared with the myo- 
metrium (Fig. 4), were detected in the other 17 patients 
and were mostly (14 cases, or 70%) associated with 
poorly differentiated carcinoma (International Feder- 
ation of Gynecology and Obstetrics grade 3). A signif- 
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Fig. 4. Poorly differentiated carcinoma with a hypo- 
echoic/isoechoic, irregular texture (arrowheads). Longitudi- 
nal scan: the invasion is deep and also involves the cervix. B, 
Bladder. 


Table II. Comparison between sonographic 


and histologic assessment of 


myometrial invasion 





Histology 








Sonography Total 


MI 42 3 | 0) 46 
M2 N {) ] ) I8 
M3 3 0 10 2 15 
B (0) l 0) 13 14 
Total 53 13 12 15 93 


M1, Less than one third; M2, one third to two thirds; M3, 


more than two thirds; B, beyond the uterus. 


icant correlation (p < 0.01, Newman-Keuls test) be- 
tween mean volume of endometrial echoes and degree 
of myometrial invasion was found (Table I). 

In six patients (6.5%), no invasion was histologically 
detected. Myometrial invasion was superficial in 47 sub- 


jects (50.5%), moderate in 13 (14%), and deep in 12 


(12.9%). In 15 subjects (16.1%), spread beyond the 
uterus was found. Sonographic and histologic evalua- 
tion were in agreement in 74 cases (79.6%) (Table I1). 
In 14 women (15%), a one-class difference between 
sonographic and histologic assessment of invasion was 
found. In eight patients in whom sonography overes- 
timated the degree of myometrial invasion, intracavi- 
tary exophytic tumor growth was present. A difference 
of more than one class was found in five patients (5.4%). 
In the four patients in whom myometrial invasion was 
overestimated, uterine volume was rather small (mean, 
35 cm*; range, 25 to 50). In both patients in whom 
invasion beyond the uterus was erroneously suspected 
by ultrasound examination, a poorly differentiated car- 


cinoma with a hypoechoic texture was present. 
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Table III. Sonographic evaluation of 
cervical invasion 





Histology 
Cx + 8 2 10 
Cx — 4 79 83 
Total 12 81 93 


Cx+, Invasion; Cx—, no invasion. 


Sonographic prediction of myometrial invasion was 
slightly less accurate in patients in whom myomas were 
present (77% of agreement) compared with the others 
(81%). More frequently, sonography overstaged (12 
cases, or 63%) rather than understaged (seven, or 37%) 
myometrial invasion. In total, sonographic accuracy in 
distinguishing deep or beyond the uterus invasion from 
superficial or moderate invasion was 92% (25/27 cases). 

The correlation between sonographic and histologic 
evaluation of cervical invasion is shown in Table III. 
Sonography had a sensitivity rate of 75%, a specificity 
rate of 95%, and an accuracy rate of 93%. In two of 
the four false positives, cervical canal polyps were 
found at surgery. 

Clinical and sonographic staging in relation to sur- 
gical findings are illustrated in Table IV. Clinical stage 
was accurate in 78.5% of the cases. In two cases it was 
overstaged and in 18 cases understaged. The accuracy 
of sonographic staging was 91%. Five cases were un- 
derstaged and three were overstaged. Sonography 
identified 96% of patients with Stage I, 75% with Stage 
II, and 86% with Stage III and IV disease. 


Comment 


Different radiologic imaging techniques have been 
used during recent years to make clinical evaluation of 
endometrial cancer accurate.*"® In fact clinical staging 
is often unsatisfactory.'* In this study surgical findings 
differed from the clinical stage in more than one fifth 
of the cases. We have already shown that sonography 
is accurate in predicting myometrial invasion of en- 
dometrial cancer.’ In the present study we show that 
sonography can also be used successfully in preoper- 
ative staging. 

Endomerial cancer was associated with a marked in- 
crease in uterine size compared with control subjects. 
However, we found sonographic measurement of uter- 
ine volume of little value in predicting tumor spread 
(Table I). The uterus was significantly enlarged in those 
patients with invasion beyond the uterus when com- 
pared with the other groups with less invasion, as also 
shown by other investigators.” However, the uterine 
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Table IV. Comparison of clinical and 
sonographic staging with surgical findings 





Sonography 






I 68 2 0 70. GF. Z ] 70 
II S 3 0 8 z+ ‘G 0 8 
II-IV 10 3 2 15 a DD 13 15 
Total 83 8 2 Ss 71° 8 14 93 





volume did not correlate with the degree of myometrial 
invasion. The broad range we found in uterine volume 
is likely to be from the relatively frequent occurrence 
of myomas. 

Knowledge of the depth of myometrial invasion is of 
great importance in planning treatment. In fact, in 
cases of deep invasion, the risk of metastasis is higher,' 
and preoperative irradiation or more extensive surgery 
might be indicated. 

In postmenopausal women the endometrial cavity is 
usually not visible, or a subtle linear rim can be observed 
by sonography.' '* Endometrial echoes were identified 
in most of the control women receiving hormone re- 
placement therapy. These echoes did not exceed 6 mm 
in thickness. In subjects with endometrial carcinoma, 
we detected irregular intrauterine echoes in almost all 
cases. High-intensity echoes appeared more often in 
well- or moderately differentiated carcinomas, prob- 
ably in relation to the greater number of glands present 
in these types. More heterogenic echo patterns were 
found in poorly differentiated carcinomas. These 
echoes are likely to be more difficult to identify and 
may mislead detection of invasion as happened in two 
of our cases. Sonographic detection of endometrial 
echoes is not specific for endometrial cancer. Increased 
endometrial echoes can be seen with numerous causes, 
including adenomyosis, hyperplasia, and pyometra."' 
Nevertheless, with a histologic confirmation of malig- 
nancy, measurement and localization of endometrial 
echoes may be useful to assess myometrial invasion. We 
found a significant correlation between endometrial 
echoes volume and the degree of myometrial invasion 
(Table I). 

Evidence that tumors with a diffuse origin within the 
endometrial cavity or polypoid appearance are at high 
risk for deep myometrial penetration has also been 
gained from anatomic studies.'* Furthermore, tumor 
size has been also found to correlate significantly with 
metastases in lymph nodes." 

In a preliminary study of 24 subjects, we found that 
sonography was accurate in 80% of cases in detecting 
myomerial invasion.” Fleischer et al. have shown the 
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same accuracy in a similar study of 20 cases of endo- 
metrial cancer." In the present report with more study 
subjects, we corroborated our results to confirm the 
same accuracy. 

Sonography more often overestimated rather than 
underestimated the degree of invasion. The most com- 
mon factor misleading sonographic evaluation of myo- 
metrial invasion was the presence of exophytic intra- 
luminal polypoid growth. In such cases, probably be- 
cause of a marked deformation of the uterine cavity 
overfilled by tumoral tissue, the presence of a deeper 
myometrial invasion may be erroneously stated on the 
basis of echograms. The presence of myomas was also 
a factor disturbing sonographic prediction of invasion. 
In addition, we found problems in correctly identifying 
the myometrial invasion in patients with rather small 
uteri in whom distinction between endometrial and 
myometrial echoes by transabdominal sonography ap- 
peared unsatisfactory. The introduction of vaginal or 
intracavitary sonography might be helpful to better 
evaluate these cases. All told, sonography was an effi- 
cient tool for the evaluation of early stages of endo- 
metrial cancer (Stage I) and the detection of tumor 
spread outside the uterus (Stage III) (Table IV). 

The relatively low specificity of sonography in dis- 
criminating between malignant and benign intracavi- 
tary processes" was probably the main reason for false 
positives in assessing cervical invasion. In two patients, 
cervical polyps were classified erroneously as cervical 
invasion of endometrial cancer by sonography. 

An excellent visualization of uterine cavity and en- 
dometrial tissue can be achieved by magnetic reso- 
nance, and high accuracy in staging of endometrial 
cancer has been shown.’ '® Also, hysterography has 
recently been reproposed as a useful means for pre- 
operative evaluation of endometrial cancer.” In our 
hands, sonography had an efficacy comparable with 
magnetic resonance,’ and was just slightly less accurate 
in the detection of myometrial invasion (80% to 82%) 
and staging of endometrial cancer (91% to 92%). 

Thus different imaging techniques (sonography, 
magnetic resonance, and hysterography) are accurate 
for the preoperative evaluation of endometrial cancer 
in the hands of experienced investigators. In our ex- 
perience, sonography is an economic and practical tool 
and may be used as a first-choice imaging technique in 
the clinical evaluation of endometrial cancer. Subjects 
with deep or beyond-the-uterus invasion that carry a 
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higher risk of lymph node metastasis can be identified 
and then referred for more complex and expensive 
imaging techniques, such as magnetic resonance. 
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Fetal and maternal hemodynamic responses to exercise in 
pregnancy assessed by Doppler ultrasonography 


Robert J. Morrow, MB," J. W. Knox Ritchie, MD, and Shelley B. Bull, PhD 


Toronto, Ontario, Canada 


It is common for women to undertake vigorous exercise in the late phase of pregnancy. This may have 
detrimental effects on the blood flow to the uterus and placenta or from the fetus to the placenta. Fifteen 
pregnant women with no obstetric or medical complications were subjected to a 5-minute exercise period. 
The maternal heart rate and blood pressure were elevated after exercise. The uteroplacental and umbilical 
circulations were assessed with Doppler ultrasonography. The ratio of the systolic/ diastolic velocity in the 
uterine artery was elevated, which suggests that uteroplacental vascular resistance increased. The fetal 
heart rate was elevated after exercise, whereas the systolic/diastolic velocity ratio in the umbilical artery 
was unaltered. We conclude that moderate maternal exercise causes increased resistance to blood flow in 
the uterine circulation, whereas the umbilical circulation remains unaltered. (Am J OBSTET GYNECOL 


1989;160:138-40.) 


Key words: Doppler ultrasonography, uterine blood flow, umbilical blood flow, exercise in 


pregnancy 


It is common for pregnant women to undertake vig- 
orous exercise or to continue to work until the late 
phase of pregnancy. It is not clear whether these activ- 
ities during pregnancy may compromise the blood sup- 
ply to the fetus. Doppler ultrasonography has been 
introduced as a means to assess blood velocity changes 
in both the uterine and umbilical arteries to provide a 
previously unavailable insight into subtle changes in 
resistance of these vascular beds.'* This technique has 
enabled us to assess velocity changes in these vessels in 
response to a 5-minute period of moderate exercise. 


Methods 


Fifteen healthy women at 36 to 41 weeks’ gestation 
with no obstetric or medical complications were re- 
cruited for the study. All participants gave informed 
consent, and none was taking medication other than 
oral iron or vitamin supplementation. Each woman was 
allowed to rest in the semirecumbent position for 15 
minutes before the study. Control measurements were 
recorded at 10 minutes, 5 minutes, and immediately 
before exercise. Maternal heart rate and blood pressure 
were assessed by auscultation, and fetal heart rate was 
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assessed by external tokodynamometry (Hewlett Pack- 
ard 80300A, Boblingen, West Germany). Doppler ul- 
trasonography was used to assess relative blood velocity 
changes in the umbilical and uterine circulations 
with a continuous-wave spectrum analyzer (Multigon, 
Mount Vernon, N.Y.). The image was frozen and the 
rate of the systolic/diastolic velocity ratio over at least 
five cardiac cycles was assessed with electronic calipers. 

A 5-minute exercise period was undertaken with a 
bicycle ergometer so that a power of 20 W was contin- 
ued for 5 minutes. The measurements were repeated 
at 2, 5, 10, 15, and 20 minutes after exercise. 

The differences between measurements at each of 
the five postexercise time points and the average of the 
three preexercise measurements were studied by means 
of repeated measures analysis of variance. The null 
hypothesis that the mean of each of these differences 
was equal to zero was subjected to statistical tests. Dun- 
nett’s procedure for multiple comparisons with a con- 
trol was used to ensure that the type I error rate did 
not exceed 10%." 


Results 


Maternal. The mean maternal heart rate was signif- 
icantly elevated at 2, 5, 10, and 15 minutes after the 
exercise period (Fig. 1), compared with preexercise val- 
ues (p = 0.0001 at 2 minutes). There was a significant 
linear decline in mean heart rate (p = 0.03), which sug- 
gests a return to preexercise values after 20 minutes. 

The systolic blood pressure was significantly elevated 
at 2 minutes after exercise (p = 0.005), but thereafter 
there was no significant change (Fig. 1). There was no 
significant change in the mean diastolic blood pressure 
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Fig. 1. Maternal hemodynamic response to exercise expressed 
as mean + SEM. Results significantly different from values 
before exercise are marked with asterisk. 


(all p values >0.4). The uterine artery systolic/diastolic 
ratio was significantly elevated (p = 0.02) 2 minutes 
after exercise. Differences thereafter were not signifi- 
cant (Fig. 1). 

Fetal. The mean fetal heart rate was significantly 
raised at 2, 5, 10, and 15 minutes after the exercise 
period (all p values <0.005) (Fig. 2). The mean um- 
bilical artery systolic/diastolic ratio was not significantly 
changed after exercise (all p values >0.3) (Fig. 2). There 
was sufficient statistical power (>80%) to detect a 
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Fig. 2. Fetal hemodynamic response to exercise expressed as 
mean + SEM. Results significantly different from values be- 
fore exercise are marked with asterisk. 


change of 0.2 in the mean systolic/diastolic ratio at 2 
minutes had this been present. 


Comment 


This study shows that an exercise challenge in the 
late phase of gestation causes an increase in the sys- 
tolic/diastolic ratio of the uterine circulation, which 
suggests an increase in resistance of the main vessels 
that supply the uterus. This may reduce the fetal blood 
supply and have potentially harmful effects on the fe- 
tus. These observations are in line with findings from 
animal experiments in which exercise has been shown 
to reduce uterine blood flow in the pregnant ewe.’ As 
might be expected, the maternal heart rate and blood 
pressure showed a small increase, which is in agreement 
with previous human studies." ’ 

The fetal response to maternal exercise was shown 
by an increase in the baseline heart rate, which was 
significantly elevated until 20 minutes after the exercise 
period, as has been reported.* ” Demonstrated by the 
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systolic/diastolic ratio, the vascular resistance on the 
fetal side of the placenta remained unaltered, which 
suggests it was unaffected by the changes in the ma- 
ternal circulation. The absence of any sign of fetal dis- 
tress in response to the maternal changes may indicate 
that under normal circumstances the fetus has suffi- 
cient reserve to compensate for such changes. Further 
support for this viewpoint is that a similar exercise chal- 
lenge caused no change in the mean velocity in the fetal 
aorta.” It may be that changes in the umbilical circu- 
lation would occur if the fetus was already compro- 
mised or the uterine flow was abnormal before exercise. 
Bed rest in a hospital is an expensive, largely empirical 
treatment for intrauterine growth retardation. Our 
study lends positive support to the value of rest in the 
improvement of uterine blood flow. 

We conclude that moderate exercise in the late phase 
of gestation causes a transient but significant increase 
in uteroplacental vascular resistance. We have no evi- 
dence that this has any harmful effect in the healthy 
fetus but speculate that it may be harmful when the 
fetus is already compromised. 
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Abnormal fetal heart rate patterns and placental inflammation 


Carolyn M. Salafia, MD,* Heather E. Mangam,* Cristine A. Weigl, BS, 


Gerald J. Foye, MD, and Lester Silberman, MD* 


Da nbury, Connecticut 


Can acute inflammation in the placental membranes, amniotic fluid, or both, predispose to the 
development of abnormal fetal heart rate patterns? One hundred cases in which bradycardia was noted 
were compared with 48 cases in which abnormal fetal heart rate patterns did not occur. Case and control 
subjects were matched to provide an equivalent risk of developing ascending infection in the two groups. 
Fetoplacental weight ratio and the presence of other placental diseases were also considered. The 
presence of acute inflammation in the umbilical cord (p = 0.03), amnion (p = 0.01), and choriodecidua 
(p = 0.03), and higher grades of inflammation in chorionic plate (p = 0.03) were linked to the presence of 
abnormal fetal heart rate patterns. No other placental factors were associated with increased risk of fetal 
bradycardia. The association of abnormal fetal heart rate patterns with acute inflammation suggests that 
intra-amniotic inflammation is important in the genesis of fetal bradycardias. The inflamed amniotic fluid 
could alter fetal metabolism via effects on the pulmonary or gastrointestinal systems or effects on umbilical 


and chorionic vessels. (Am J Osstet GYNECOL 1989;160:140-7.) 


Key words: Chorioamnionitis, fetal heart rate, placenta, intrauterine infection 
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Variable and late decelerations and bradycardia are 
considered indications of fetal hypoxia with present or 
impending fetal compromise.' They are felt to reflect 
the effects of umbilical cord compression (variable de- 
celerations), or placental insufficiency (late decelera- 
tions and bradycardia). Vintzileos et al.” have indicated 
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Table I. Grading system for acute intrauterine inflammation 





Amnion and choridecidua 


Grade | One focus of at least 5 PMNs 
Grade 2 More than | focus of grade 1 inflammation or at least 1 focus 
of 5-20 PMNs 
Grade 3 Multiple and/or confluent foci of grade 2 
Grade 4 Diffuse and dense acute inflammation 
Umbilical cord 
Grade | PMNs within the inner one third of the umbilical vein wall 
Grade 2 PMNs within inner one third of at least 2 umbilical vessel walls 
Grade 3 PMNs in perivascular Wharton's jelly 
Grade 4 Panvasculitis and funisitis extending deep into Wharton's jelly 
Chorionic plate 
Grade | One focus of at least 5 PMNs in subchorionic fibrin 
Grade 2 Multiple foci of grade 1 in subchorionic fibrin 
Grade 3 Small number of PMNs in connective tissue of chorionic plate 
Grade 4 Numerous PMNs in chorionic plate, and chorionic vasculitis 





PMNs, Polymorphonuclear leukocytes. 


that a low biophysical score is a good predictor of im- 
pending fetal infection in patients with premature rup- 
ture of membranes. The mechanism of the association 
is not clear. No studies have included placental patho- 
logic processes as factors in the genesis of abnormal 
fetal heart rate (FHR) patterns. 

Moberg et al.* describe an increased prevalence of 
fetal distress associated with preterm premature rup- 
ture of membranes. Specifically, these fetuses demon- 
strated a predominance of FHR tracings consistent with 
umbilical cord compression.*® These authors found no 
association between the presence of fetal distress and 
clinical evidence of chorioamnionitis. However, clinical 
diagnosis of chorioamnionitis is an insensitive measure 
of the presence of acute ascending infection; well over 
50% of cases with histologic chorioamnionitis will not 
be symptomatic and will not have objective signs of 
infection.’ Prior work has indicated that when the def- 
inition of an uncomplicated pregnancy carefully ex- 
cludes those in which FHR abnormalities are observed, 
the prevalence of “silent” acute inflammation of the 
intra-amniotic tissues, the umbilical cord, and chorionic 
plate is rare, whereas isolated acute deciduitis, an extra- 
amniotic inflammation, is very common. This study was 
initiated to investigate whether in term deliveries the 
presence of acute inflammation of the placenta might 
be linked to an increased prevalence of multiple vari- 
able declerations, late decelerations, and bradycardia, 
FHR patterns not classically considered to reflect acute 
intrauterine infection. 


Material and methods 


Since 1983 at the Danbury Hospital, placental patho- 
logic study has been a routine part of the evaluation of 
a complicated pregnancy, delivery, or neonatal course. 
Clinical data are collected on standard Hollister data 
forms. Criteria for the selection of placentas for patho- 
logic examination include but are not limited to all ma- 


Table II. Placental pathology and FHR 


Abnormal Normal 
FHR (100) FHR (48) 


Acute inflam- 85 35 
mation* 

Fetoplacental 6.4 + 1.36 6.12 + 1.09 
weight ratiot 

Infarction? 18 5 

Intervillous 26 17 
thrombosis§ 

Chronic villitis}] 21 10 

Hemorrhagic 5 2 
endovasculitis 


*y? = 3.08, p = 0.07. 
tt = 1.291, p = 0.196. 
tx? = 0.95, p = 0.32. 


§x? = 1.395, p = 0.23. 
Ix? = 0.001, p = 0.98. 
4x’ = 0.05, p = 0.82. 


jor maternal medical diseases, past poor pregnancy out- 
come, all pregnancy-related diseases, abnormal ante- 
natal diagnostic studies, complications of labor and 
delivery (including all passage of meconium, rupture 
of membranes greater than 12 hours before delivery, 
all abnormalities of fetal heart monitoring, and all di- 
agnoses of fetal distress), all neonatal intensive care unit 
admissions, and all stillbirths. All patients admitted to 
the labor and delivery suite have fetal heart monitoring 
performed for 20 minutes. If no FHR abnormalities 
are observed, continuous monitoring is discontinued. 
Such patients continue to be monitored while in bed, 
but are permitted to ambulate. Continuous monitoring 
is reinstituted at the onset of active labor. Diagnoses of 
abnormal FHR pattern in this study included: repeti- 
tive moderate to severe variable decelerations, late de- 
celerations, and bradycardias. Variable decelerations 
were graded as moderate if FHR was no less than 70 


ly. 
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Fig. 1. Nonmarginating inflammation within decidua (grade 2). (Hematoxylin-eosin stain; magni- 
fication X 4.) 
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Fig. 2. Marginating acute inflammation within chorion and decidua (grade 3). (Hematoxylin-eosin 


stain; magnification x 4.) 


beats/min for between 30 to 60 seconds or between 70 
and 80 beats/min for greater than 60 seconds and as 
severe if the fall in FHR was no less than 70 beats/min 
for longer than 60 seconds. Bradycardia, which was 
defined as a baseline FHR of 110 beats/min or less, was 
classified as severe if the baseline dropped below 100 
beats/min. 

In this study, 100 patients in whom no clinical di- 
agnosis of chorioamnionitis was made were selected, 
but abnormalities of FHR monitor patterns were ob- 
served, and 48 control subjects, in whom chorioam- 
nionitis was not diagnosed clinically, and no FHR ab- 
normality was observed during the standard monitor- 


ing period, and no indications to resume monitoring 
were identified during labor. Selection was confined to 
deliveries occurring between 37 and 42 weeks’ gesta- 
tion. The first 100 deliveries in which FHR abnormal- 
ities were described were considered cases. All available 
tracings were reviewed by a perinatologist (G. J. F.) and 
diagnoses confirmed. Twelve subjects were observed to 
have Apgar scores <4 at 1 minute, none of whom had 
Apgar scores of <7 at 5 minutes. In 24 patients me- 
conium passage was noted before delivery. Control sub- 
jects were selected from among all deliveries selected 
for placental pathologic examination for indications not 
including abnormal FHR. No instances of meconium 
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Fig. 3. Polymorphonuclear leukocytes within the chorionic plate and in the subchorionic fibrin (grade 


3). (Hematoxylin-eosin stain; magnification X 4.) 


Table III. Total of all grades of acute inflammation and the fetoplacental weight ratio among an 
uncomplicated delivery group compared with the abnormal and normal FHR groups 


Abnormal FHR Normal FHR 


Total 100 
Acute inflammation 
Cord 16t 
Membranes 80§ 
Plate 65% 


Fetoplacental ratio 6.4 (+ 1.36)** 


Uncomplicated 
48 161 
If 0 
25\| 88 
25# 44 
6.12 (+ 1.09)tt 6.92 (+ 1.27) 


*All x? or £ test analyses compare the uncomplicated data set (column 3) to one of the other two data sets. 


tx? = 27.4; p < 0.0001. 

tx? = 3.37; p = 0.07. 

$x? = 17.27; p < 0.0001. 

lx? = 0.09; p = 0.75; Fp = 0.44. 
"x? = 35.99; p < 0.0001, 

#x? = 10.25; p = 0.001. 

**t = 3.12, p = 0.0029. 

ttt = 3.95, p = 0.0008. 


passage were observed, and three of the 48 control 
infants showed Apgar scores of <4 at | minute, with 
a fourth infant having a score of <7 at 5 minutes (cases 
vs controls, p > 0.1). Case and control subjects were 
matched for the following: equivalent durations of rup- 
ture of membranes before delivery, locations of care 
(clinic vs private), and parity. 

Clinic patients are generally of lower socioeconomic 
status than private patients; the increased prevalence 
of preterm delivery among such a population may re- 
flect an increased risk of ascending intrauterine infec- 
tion.” Our clinic population demonstrates a threefold 
greater prevalence of preterm birth and participates in 
a prematurity prevention program, in which cervical 
microbiologic specimens are studied during pregnancy 


ete ŘħŮĂÁ a 


and pertinent pathogens are treated. Thus clinic and 
private patients may differ in the vaginal microbial 
flora. Parity was considered since the extent of cervical 
dilatation in the late third trimester is greater in mul- 
tiparas than in nulliparas.® Differing degrees of cervical 
dilatation may influence the development of acute as- 
cending infection. The presence of abnormal FHR pat- 
terns determined selection as a case; however, the pres- 
ence of maternal or neonatal disease was not excluded. 
Thus cases included both pregnancies complicated only 
by abnormal FHR pattern and those complicated by 
abnormal FHR pattern and other factors. For these 
reasons, cases were also compared with a normative 
data set, which consisted of 161 cases in which no ma- 
ternal or fetal complications were present. This rep- 
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Table IV. Prevalence and distribution of grades of acute inflammation in the umbilical cord, amnion, 
chorion decidua, and chorionic plate among the normal and abnormal FHR groups 


Umbilical cord 


Abnormal FHR 5 

Normal FHR 0 
Amnion 

Abnormal FHR 9 

Normal FHR 7 
Chorion decidua 

Abnormal FHR 32 

Normal FHR 14 
Chorionic plate 

Abnormal FHR 26 

Normal FHR 9 


Grade 4 

3 5 
0 l 0 
5 2 
0 0 0) 
18 8 2 
6 l 0 
10 12 16 
9 5 2 





Cord: (total) abnormal vs normal; x? = 4.25; p = 0.04; Fp = 0.03. 


Amnion: (total) abnormal vs normal; x* = 16.4; p = 0.01. 


Chorion: (total) abnormal vs normal; x’ = 4.7; p = 0.03; grades = 2; abnormal vs normal; x? = 3.7; p = 0.05; grades = 3: 


abnormal vs normal; x* = 3.16; p = 0.07; Fp = 0.06. 


Plate: (total) abnormal vs normal; x? = 1.63; p = 0.20; grades = 3; abnormal vs normal; x? = 3.23; p = 0.07; Fp = 0.05. 


resents a continuous series of patients whose pregnan- 
cies excluded standard criteria for selection for placen- 
tal examination, specifically, and medical or obstetric 
maternal complications, abnormal antenatal diagnostic 
testing, or therapeutic intervention during pregnancy, 
clinically significant intrapartum complications, and 
any neonatal complications, including admission to spe- 
cial care nursery, congenital anomalies, or stillbirth. 

Gross and microscopic studies of the placentas were 
performed according to established pathologic proto- 
cols and without knowledge of clinical data. Tissue sam- 
ples included two sections of umbilical cord, at least one 
section of chorionic plate taken from an area with min- 
imal subchorionic fibrin, a roll of membranes taken 
from the area of membrane rupture, and a membrane 
roll. The prevalence and severity of acute inflammation 
of the extraplacental membranes, umbilical cord, and 
chorionic plate were ascertained. The grading system, 
which specifically includes acute deciduitis and mild 
degrees of acute inflammation of the chorionic plate, 
membranes, and umbilical cord, is described in Table 
I. Examples of grades of acute inflammation in sample 
tissues are shown in Figs. | to 3. Methods of analysis 
included the x’ test with Fisher’s correction for small 
sample size and the Student ¢ test for unpaired 
samples. 


Results 


The prevalence of acute inflammation, placental in- 
farction, intervillous thrombosis, chronic villitis, and 
hemorrhagic endovasculitis in case and control subjects 
is presented in Table II. The correlation of acute in- 
flammation of the extraplacental membranes, chorionic 
plate, or umbilical cord and abnormal FHR patterns 


approached significance. When the specific tissues were 
examined separately, the presence of acute amnionitis, 
acute chorionitis, and acute chorionitis with fetal cho- 
rionic vasculitis and umbilical vasculitis/funisitis were 
significantly associated with abnormal FHR patterns 
(Table III). In 16 of the 17 fetuses whose umbilical 
cords demonstrated acute inflammation, abnormalities 
of FHR patterns were observed (p = 0.029). When um- 
bilical vasculitis and chorionitis were excluded from 
those with acute inflammation, analysis demonstrated 
no association of acute inflammation of the chorion and 
decidua only with abnormal FHR (p > 0.20). 

The presence of acute inflammation in the chorion 
and decidua was associated with abnormal FHR pat- 
tern, but did not show stronger association with in- 
creasing grade of inflammation (Table IV). However, 
the distribution of the inflammation demonstrated an 
association with abnormal FHR patterns. This study 
distinguished between “marginating” and “necrotizing” 
(nonmarginating) choriodeciduitis. The former pat- 
tern has been suggested to reflect the effects of an intra- 
amniotic infection. Small numbers of marginating in- 
flammation were observed in this study; however, those 
patients with marginating inflammation were most 
likely those with higher grades of inflammation in the 
chorion and decidua (x? = 17.36; p < 0.0001) and also 
inflammation in the amnion, chorionic plate and 
umbilical cord (p < 0.05). Thus marginating chorio- 
deciduitis was indirectly correlated with abnormal FHR 
patterns by its association with higher grades of inflam- 
mation and with other loci of inflammation more di- 
rectly reflecting intra-amniotic inflammation. 

The comparison between cases with abnormal FHR 
patterns and 161 uncomplicated pregnancies demon- 
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strated an even stronger association between acute in- 
flammation, and specifically inflammation of the intra- 
amniotic tissues, such as the umbilical cord, with ab- 
normal FHR patterns (Table III). Patients with normal 
FHR patterns but other pregnancy complications dem- 
onstrated a significantly greater prevalence of inflam- 
mation of the chorionic plate only. As noted, these 
grades of inflammation were most frequently mild and 
may reflect the fact that prolonged asymptomatic rup- 
ture of membranes is a risk factor of ascending acute 
intrauterine infection and a criterion for placental ex- 
amination. No association between type or severity of 
abnormal FHR pattern on histopathologic examination 
was observed. 

The duration of membrane rupture was examined 
in association with abnormal FHR and the presence of 
acute inflammation (Table V). Since rupture of mem- 
branes was a condition that was matched between 
groups, no association between an increased prevalence 
of abnormal FHR and increased duration of rupture 
of membranes was detected. More surprisingly, there 
was no increased prevalence of acute inflammation with 
prolonged rupture of membranes (p = 0.28). How- 
ever, the range of durations of rupture of membranes 
in this study is short: 71 of the 100 with abnormal fetal 
heart rates had rupture of membranes <10 hours, and 
81 of the 107 cases with acute intrauterine inflamma- 
tion had rupture of membranes of <10 hours. No sig- 
nificant difference in duration of rupture of mem- 
branes was associated with the presence or absence of 
FHR abnormality or acute intrauterine inflammation. 
The association between acute inflammation and ab- 
normal FHR pattern was present at both < and >10 
hours (e.g., choriodecidua, <10 hours of rupture of 
membranes, abnormal FHR 22/71 vs normal FHR, 
4/28, p = 0.09; >10 hours of rupture of membranes, 
11/29 vs 2/20, p = 0.03). 

No form of placental villous lesion representing vas- 
cular disease (infarction, intervillous thrombosis) or in- 
fectious/immunologic processes (chronic villitis, hem- 
orrhagic endovasculitis) was associated with an in- 
creased prevalence of FHR abnormalities in the overall 
population (Table II). The fetoplacental weight ratio, 
a crude reflection of placental insufficiency, indicating 
the number of grams of placenta available to nutri- 
tionally support each gram of fetus, also did not differ 
significantly in fetuses with and without FHR abnor- 
malities. When only the small number of subjects with- 
out any acute inflammation were studied, there was no 
demonstrable association of any placental factors with 
the presence of abnormal FHR pattern. Although fe- 
toplacental weight ratio did not differ between case and 
control subjects, the control group had a significantly 
lower fetoplacental weight ratio compared with a series 
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Table V. Mean hours of membrane rupture 
before delivery by FHR pattern and presence of 
acute inflammation 


+ Acute No acute 
ROM | inflammation | inflammation 
FHR (abnormal) 9.49 9.69 8.35 
FHR (normal) 11.77 12.02 11.07 


ROM, Rupture of membranes. 


of entirely uncomplicated pregnancies (Table III). 
Again, this may reflect selection of control subjects for 
the presence of factors such as maternal smoking and 
neonatal disease. 


Comment 


Our results strongly link the presence of histologic 
evidence of acute ascending infection of the amniotic 
fluid space with fetal bradycardia and variable and late 
decelerations. This study does not include microbial 
studies of the placentas or amniotic fluid; therefore the 
question of infection cannot be directly addressed. 
However, Fox’ has cogently summarized the arguments 
supporting an infectious cause of acute placental in- 
flammation, including the clear and specific relation- 
ship between prolonged membrane rupture and acute 
intrauterine inflammation, the rarity of acute inflam- 
mation in cesarean deliveries, the occurrence of acute 
inflammation in the twin laying nearer the cevical os, 
more prominent infection in the area of the cervical 
os, and the association of acute intrauterine inflam- 
mation with maternal pyrexia, postpartum endometri- 
tis, and neonatal pneumonia and sepsis. In addition, 
data indicate that specific patterns and high degrees of 
severity of acute intrauterine inflammation are tightly 
correlated with positive cultures of amniotic fluid ob- 
tained by amniocentesis (Romero RJ, Salafia CM. Un- 
published observations). More sensitive methods have 
shown that milder degrees of acute ascending infection 
may be associated with minimal levels of amniotic fluid 
colonization or contamination of amniotic fluid with 
nonviable bacterial byproducts.* 

In this study the case and control subjects were 
matched to provide as equal a risk for the development 
of acute ascending infection as could be made. Since 
the duration of rupture of membranes was controlled, 
the excess of abnormal FHR noted with acute intra- 
uterine inflammation was not simply because of the 
decrease in amniotic fluid volume after rupture of 
membranes predisposing to umbilical cord compres- 
sion.* Indirectly, it also speaks against an effect of in- 
creased duration of labor. In 1971 Fox and Langley’ 
noted that “the placentas of hypoxic fetuses show 
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leucocytic infiltration more often than do placentas 
from cases in which the fetus was not hypoxic.” 
However, if both fetal hypoxia and duration of mem- 
brane rupture were considered in the analysis, no as- 
sociation between membrane inflammation and fetal 
hypoxia was observed. Their criteria of what constitutes 
“fetal hypoxia” are not described. However, we are spe- 
cific in our criteria. FHR abnormalities were chosen as 
indexes of fetal distress since they are less subjective 
than the assessment of meconium, more sensitive in- 
dicators than Apgar scores, and more frequently per- 
formed in this population than fetal scalp sampling. 
Maudsley et al. noted a similar association between 
histologic indicators of acute intra-amniotic infection 
and meconium staining of the newborn. 

The present study specifically excluded preterm, 
postterm, and by chance, preeclamptic gestations, con- 
ditions included in the study of Fox and Langley.” All 
three situations were described as those in which pro- 
longed rupture of membranes was frequent; Fox and 
Langley’ concluded that fetal hypoxia is, in fact, related 
to these pathologic clinical states, and any relationship 
of fetal hypoxia to chorioamnionitis is spurious. Since 
1971, more active obstetric intervention has likely mod- 
ified the course of prolonged rupture of membranes. 
Acute inflammation in our population was significantly 
associated with FHR abnormalities at both <10 hours 
and >10 hours of rupture of membranes. We are able 
to compare this data with a previously reported data 
set of uncomplicated term gestations and have found 
an identical association between histologic indications 
of subclinical acute amniotic fluid inflammation and 
fetal distress in a series of pregnancies complicated by 
gestational diabetes (Salafia CM, Weigl CA, Silberman 
L. Unpublished observations). Reporting the preva- 
lence of chorioamnionitis in a series of 7505 deliveries, 
Russell'’ observed that 82.4% of the cases of “mem- 
branitis” had membranes ruptured for <24 hours, and 
45.4% for <4 hours. Russell determined that those in- 
fants born near term to afebrile mothers and in the 
absence of prolonged rupture of membranes or cervical 
ligature showed no infection-related sequelae. In ad- 
dition, he concluded that “chorioamnionitis occurring 
under these circumstances is a benign and inconse- 
quential pathological curiosity.” The present data in- 
dicate that acute intra-amniotic inflammation is the sole 
significant pathologic correlate of a relatively specific 
type of fetal distress, namely, FHR patterns of brady- 
cardia and variable and late decelerations in otherwise 
uncomplicated term deliveries. In growth-retarded 
term infants, the observation of late FHR decelerations 
was found to correlate strongly with subsequent poor 
neonatal neurologic status.” The view of the “benign” 
nature of clinically “silent” acute ascending intrauterine 
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infection must be reevaluated. Alternatively the defi- 
nition of “silent” must exclude “hypoxic” FHR patterns, 
as well as more standard infection-related criteria. 

Vintzileos et al.* hypothesized that mild degrees of 
amniotic fluid infection could predispose to fetal hy- 
poxia by increasing fetal metabolic and oxygen de- 
mands. Breathing infected or inflamed amniotic fluid, 
which contains increased quantities of interleukin 1 and 
prostaglandins, could alter pulmonary vascular resis- 
tance, and affect fetal and fetoplacental hemodynam- 
ics.'° The hypoxia induced by subclinical chorioam- 
nionitis may not be stress sufficient in either duration 
or severity to alter cord pH, but may cause transient 
tissue fluctuations in oxygen content and lactic acid 
concentration. 

A second mechanism by which acute intrauterine in- 
flammation might lead to fetal hypoxia could involve 
the known sensitivity of the umbilical and chorionic 
vessels to the vasoconstrictive effects of thromboxanes 
and prostaglandins. Such effects have been noted at 
levels detected in amniotic fluid, which suggests a po- 
tential for a physiologic effect of these molecules on 
the modulation of umbilical and chorionic vascular 
tone.” Increased intra-amniotic levels of prostaglan- 
dins and other molecules invoked in the inflammatory 
response could lead to vasoconstriction and vasospasm 
of the placental vessels, decreased fetal perfusion, and 
fetal hypoxia. More specifically, an event of umbilical 
cord compression could induce a prolonged spasm of 
such a sensitized vessel and decrease fetal perfusion to 
a much greater degree for a much longer duration than 
that that occurs generally observed in noninfected fe- 
tuses. That no specific FHR abnormality could be as- 
sociated with acute umbilical vasculitis and chorionitis 
may be the result of the small number of such cases in 
this group, that is, 100. 

Placental vascular diseases, such as infarction and 
intervillous thromboses, are associated with conditions 
in which placental insufficiency is frequently observed.’ 
Chronic placental inflammatory diseases, such as chron- 
ic villitis and hemorrhagic endovasculitis, are also as- 
sociated with poor fetal growth.'* However, neither pla- 
cental vascular nor infectious/immunologic disease was 
associated with an increased prevalence of acute de- 
velopment of hypoxic FHR patterns in otherwise 
healthy fetuses (Table II). Whether these processes may 
act in synergy with acute peripartum factors, such as 
acute ascending intrauterine inflammation, deserves 
further evaluation. 

Previous investigations indicated that acute intra- 
uterine inflammation is associated with the onset of 
labor in term deliveries. Acute ascending inflammation 
and intrauterine inflammation may frequently be pres- 
ent in uncomplicated term pregnancies. This work in- 
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dicates that acute intrauterine inflammation may be 
involved in the genesis of commonly recognized forms 
of acute hypoxic fetal distress at term. 
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Case-fatality rates for tubal sterilization in U.S. hospitals, 


1979 to 1980 


Luis G. Escobedo, MD, Herbert B. Peterson, MD, Gary S. Grubb, MD, and 


Adele L. Franks, MD 
Atlanta, Georgia 


To update a 1977 to 1978 case-fatality estimate for tubal sterilization in U.S. hospitals, we reviewed the 
medical records of women reported by the Commission on Professional and Hospital Activities to have 
died after tubal sterilization procedures in 1979 or 1980. We project that the most reasonable case-fatality 
rate estimate is slightly >9 per 100,000 sterilizations if all deaths associated with the procedure are 
considered. Rate estimates that assume minimum and maximum numbers of all associated deaths in our 
sample are approximately 6 per 100,000 and 10 per 100,000 sterilizations, respectively. However, when 
only deaths that can be attributed to sterilization per se are consideréd, the most reasonable case- fatality 
rate is estimated at between 1 and 2 per 100,000 procedures, a lower rate than previously reported. Rate 
estimates that assume minimurr and maximum numbers of attributable deaths in our sample are 
approximately 1 per 100, 000 and 5 per 100;000 sterilizations, respectively. These results further indicate 
that death attributable to tubal sterilization is rare. (AM J OBsTeT GYNECOL 1989;160:147-50.) 
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Tubal sterilization is the most prevalent method of 


contraception for women in the United States.’ Despite 
frequent use of the procedure, little. data exists with 
regard to the risks of death attributable to it. A previous 
study reported .by the Centers for Disease Control, 
which used 1977 and 1978 data from the Commission 


147 


148 Escobedo et al. 


January 1989 
Am J Obstet Gynecol 


Table I. Sterilization-attributable deaths in hospitals associated with Commission on Professional and 


Hospital Activities in United States, 1979 and 1980 





I Laparotomy 

2 Laparotomy Vaginal Sain 
3 Laparoscopy No 

4 Laparotomy . Vaginal delivery 


Surgical Pregnanéy “Prbsexisting 
approach _ associated _ disease _ Cause ip death 





Anesthesia 
Se Pulmonary embolus Spinal 
heart disease . 
No Intraope rative General 
cardiorespiratory 
arrest 
No Immediate post- General 
operative cardio- 
respiratory 
arrest | 
Pregnancy-induced Intracranial Spinal 
hypertension’ hemorrhage _. 


on Professional and Hospital Activities, indicated that 
death attributable to sterilization is rare and occurs in 
an estimated 3.6 of 100,000 procedures.? Despite the 
large number of sterilization procedures examined in 
that study, the case-fatality rate estimate was based on 
a relatively small number of deaths. 

To further assess the risk of dying from this proce- 
dure, we obtained 1979 and 1980 data from the Com- 
mission on Professional and Hospital Activities and re- 
viewed medical records of women whose deaths were 
associated with sterilization. We estimated both the like- 
lihood that death was temporally associated with ster- 
ilization and the likelihood that death was attributable 
to the stérilization procedure per se. 


Methods 


With exceptions as rioted, the methods ‘used in this 
study have been described in detail.? Briefly, the Com- 
mission on Professional and Hospital Activities is a re- 
search and educational agency that annually collects 
information with regard to approximately 15 million 
patients discharged from nonfederal U.S. short-stay 
hospitals.” A computer search was conducted with that 
information to identify women who underwent tubal 
sterilization procedures in 1979 or 1980 and died dur- 
ing the concomitant hospitalization. After a woman was 
identified, the Commission on Professional and Hos- 
pital Activities requested permission for the Centers for 
Disease Control to obtain further details from the hos- 
pital where the death occurred. After details of the 
woman’s death were obtained, a panel of Centers for 
Disease Control physician- epidemiolo gists reviewed the 
data to determine whether death was related to the 
sterilization procedure.. If death occurred within 42 
days of the procedure or if complications that led to 
death first occurred within 42 days of the procedure, 
the panel considered the death associated with steril- 
ization. Deaths associated with sterilization and in which 
sterilization was a major contributing factor were con- 
sidered attributable to sterilization. 


To determine the denominator of case-fatality rates, 
we obtained the total number of sterilization proce- 
dures performed in participating Commission on 
Professional arid Hospital Activities hospitals during 
1979 and 1980. The procedures were separated into 
two categories: (1) those done’in conjunction with ce- 
sarean séctions or other nongynecologic surgical pro- 
cedures and (2) those done after vaginal deliveries or 
as interval procedures. 

_ To calculate numerators in the computation of either 
sterilization- associated or sterilization- attributable case 
fatality rates, we made three assumptions with regard 
to missing médical records.? First, to determine thé 
minimum number of deaths, we assumed there were 
no additional deaths in records not reviewed; thus no 
additional deaths beyond those found were included 
in the numerator. Second, to determine the most rea- 
sonable number of deaths, we assumed that deaths in 
records not reviewed occurred i in the same proportion 
as deaths listed in records that were reviewed. With this 
assumption, we applied the percentage « of actual deaths 
in records reviewed to the number of missing records. 
We then added the number of deaths calculated in this 
way to.the number. of actual deaths from records re- 
viewed. Third, to determine the maximum number of 
deaths, we assumed all records not reviewed involved 
deaths. As in the second assumption, deaths were 
added to obtain 4 total for the numerator. 


Results 

The Commission on Professional and Hospital Ac- 
tivities identified 53 women who had tubal sterilization 
and who died during hospitalization. Permission to re- 
view records of 37 of these women was obtained and 
such permission was refused in 16 cases. Of the 37 
reported deaths reviewed, 28 were associated. with ster- 
ilization and 9 involved coding errors (no death, no 
procedure, or wrong patient number). Of the 28 
sterilization-associated deaths identified, 17 were at- 
tributable to concurrent cesarean section and 7 were 
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attributable to other concurrent procedures; only 3 (pa- 
tients 1, 2, and 3; Table I), and a possible fourth (patient 
4; Table I), were attributable to the sterilization pro- 
cedure. Of the three women whose deaths were clearly 
attributed to sterilization, two had no underlying ill- 
nesses and one had severe congenital heart disease, 
which may have directly contributed to her death. The 
fourth woman’s death was less likely attributable to ster- 
ilization; the probable cause of death was intracranial 
hemorrhage caused by pregnancy-induced hyperten- 
sion. We included the death of this fourth woman as a 
sterilization-attributable death because we were unable 
to exclude the possibility that sterilization was a major 
contributing factor (Table I}. One woman (patient 3; 
Table I) whose death was considered attributable to 
sterilization experienced cardiorespiratory arrest mo- 
ments after completion of the sterilization procedure 
and subsequent extubation. She had been in excellent 
health and had undergone an apparently uneventful 
interval laparoscopic sterilization. The postmortem ex- 
amination did not help explain the cause of death. Al- 
though gas embolism and other embolic events are 
theoretical explanations for the death, there is no in- 
formation to support those possibilities. Rather, com- 
plications of anesthesia are a more likely explanation. 
Calculation of case-fatality rate for sterilization- 
associated deaths. The 28 identified sterilization- 
associated deaths occurred among 433,744 women with 
tubal sterilizations performed during 1979 and 1980 
in hospitals associated with the Commission on Profes- 
sional and Hospital Activities.. Because 28 of 37 re- 
ported deaths reviewed were associated with steriliza- 
tion, we assumed that 76% or 12 of the 16 reported 
deaths not reviewed were associated with sterilization. 
That assumption results in a total number of 40 deaths 
and a case-fatality rate of 9.2 per 100,000 procedures. 
If we assume there were no additional deaths in the 
unreviewed records or that all records not reviewed 
represented sterilization-associated deaths, we can cal- 
culate that the case-fatality rates are 6.5 arid 10.0 per 
100,000 procedures, respectively. Sa 
Calculation of case fatality rate for sterilization- 
attributable deaths. Applying the same assumptions 
used to estimate the total number of sterilization- 
associated deaths, we estimated the total number of 
sterilization-attributable deaths. The four sterilization- 
attributable deaths occurred among 376,335 women 
who underwent tubal sterilization during 1979 and 
1980, without concurrent cesarean sections or other 
surgical procedures, in hospitals associated with the 
Commission on Professional and Hospital Activities. 
Because 4 of the 37 deaths reviewed were attributable 
to sterilization, we assumed that 11% or 1.7 of the 
16 records not reviewed represented sterilization- 
attributable deaths. With the use of those assumptions 
to estimate the numerator, we obtained a case-fatality 
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rate of 1.5 per 100,000 procedures. With the assump- 
tions that there were no additional deaths in the un- 


reviewed records and that all records not reviewed rep- 


resented sterilization- -attributable deaths, we concluded 
that the case-fatality rates are -1.1 and 5.3 per 100,000 
procedures, respectively. 


Comment 

Our case-fatality rate estimates for 1979 and 1980 
are remarkably similar to those obtained for 1977 and 
19782 In this’ study a larger proportion of reported 
deaths were reviewed (70%, compared with 60%), and 
a lower rate of coding errors (24%, compared with 34%) 
was identified. Therefore our results give us even 
greater confidence that death attributable to tubal ster- 
ilization is rare. 

Our case-fatality rate estimates pertain only to those 
sterilizations and those deaths that occurred during the 
same hospitalization. To the extent that deaths oc- 
curred out of the hospitals where the sterilizations were 
performed, our case-fatality rate is an underestimate. 
Because our data did not include sterilizations per- 
formed outside a hospital, our estimates, by definition, 
are not applicable to sterilizations performed in am- 
bulatory care settings. A trend toward an increase in 
the use of outpatient hospital sterilization has been de- 
scribed (unpublished data). It is reasonable to speculate 
that the case-fatality rate in ambulatory settings is sim- 
ilar to or lower than that found in hospitals, because 
women with preexisting medical conditions or other- 
wise at greater risk of death from sterilization may be 
more likely to have their procedures performed in 
hospitals. l 

Although the current estimated case-fatality rate of 
1.5 per 100,000 procedures in sterilization-attributable 
deaths is lower than the previous rate of 3.6 per 109,000 
procedures,” this change should not be interpreted as 
a trend over time in view of the small number of deaths 
involved, the short interval of time between estimates, 
and the comparison of only two estimates. A combined 
estimate of the case-fatality rate over the 4-year interval 
results ‘in slightly greater precision. To calculate such 
a combined rate, we assumed that deaths from each 
study occurred in equal proportions in reviewed and 
unreviewed records. ‘This resulted in a total of 20.7 
deaths (15 from the previous study and 5.7 from the 
current one). Because these deaths occurred among 
women who underwent 7 90,848 procedures from 1977 
through 1980 (414,513 procedures in 1977 to 1978 and 
376,335 in 1979 to 1980), the combined case- -fatality 
rate attributable to sterilization is 2.6 per 100,000 pro- 
cedures. l 

Review of the clinical dicasi of the four 
women whose deaths were attributed to sterilization ` 
irdicates spinal anesthesia was used in both of the 
women who had preexisting illnesses. The causes of 
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death in these women were likely related to preexisting 
illness, not to anesthesia. By contrast, the other two 
women, who did not have preexisting illnesses, under- 
went generál anesthesia. Complications of anesthesia 
likely caused their deaths. ‘This assumption is consistent 
with another report that suggests'complications of gen- 
eral anesthesia are a leading cause of sterilization- 
attributable death. Although the death of patient 3 is 
probably attributable to a complication of anesthesia, 
‘other causes are possible. If this death, along with the 
death of patient 2, is added to the anesthesia-related 
deaths reported by the Centers for Disease Control,‘ 
complications of anesthesia likely caused 13 of 33 
sterilization-attributable deaths. 

Our estimates with regard to sterilization-attributable 
mortality have been based on the years 1977 to 1980. 
Because a determination of attributability requires `a 
detailed review of clinical circumstances that surround 
death, it is important that such a determination be made 
with regard to medical records and reports from at- 
tending physicians when available. A substantial per- 
centage of sterilization-associated deaths result in liti- 
gation, which limits access to information for years. 
Even when litigation is not in progress, deaths that 
occur in otherwise healthy young women are sensitive. 
Thus substantial time is required to obtain useful and 
accurate information. Until more current information 
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is available, we believe estimates from 1979 to 1980 are 
useful because surgical approaches, methods of tubal 
occlusion, and anesthetic techniques have not changed 
dramatically since then. 

In summary, our findings support previous evidence 
that death attributable to tubal sterilization is rare and 
that clinical review is important when statistical data are 
used in the estimation of risks attributable to surgical 
procedures. The Centers for Disease Control’s ongoing 
surveillance of sterilization continues to indicate that 
complications of anesthesia are the leading cause of 
sterilization-attributable death in the United States. 
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Newborn lymphocyte subpopulations: The influence of labor 


William B. Pittard III, MD, Donna M. Schleich, MS, Kitty M. Geddes, BSN, RN, and 
Ricardo U. Sorensen, MD 


Charleston, South Carolina, and Cleveland, Ohio 


Cord blood mononuclear cell subsets were enumerated in 31 neonates delivered after maternal labor, in 
25 neonates delivered by cesarean section without preceding labor, and in 60 healthy adults. In neonates 
born with and without preceding labor percentages of CD3 cells were lower than those in adults (63% and 
60% as opposed to 83% in adults). However, the absolute numbers of CD3 cells were significantly greater 


in newborn infants delivered without preceding labor (3.287 + 1.451 cells per microliter) than in both 
neonates born after labor (2.660 + 800 cells per microliter) and in adults (2.189 + 807 cells per 
microliter). The increase in CD3 cells in infants delivered without preceding labor reflects increased 
numbers of CD4-positive cells. This increase in the absolute number of T lymphocytes and CD4 (helper) 
lymphocytes was significant (p < 0.02). These data indicate that labor-related stress significantly 
decreases the total number of neonata! T lymphocytes and the CD4 (helper) T-cell subpopulation in cord 


blood. (Am J Osstet GynecoL 1989;160:151-4.) 


Key words: Neonate, lymphocyte subpopulation, helper/suppressor ratio, labor 


Investigation of in vitro neonatal lymphocyte func- 
tion in our laboratory has revealed that patients deliv- 
ered by cesarean section have greater mitogen-induced 
lymphocyte proliferative responses! and greater num- 
bers of pokeweed-induced antibody-secreting cells? 
when compared with those delivered vaginally. Further, 
these increased lymphocyte responses on more in depth 
analyses were noted to be related to the absence of labor 
in the majority of cases delivered by cesarean section 
(Pittard WB. Unpublished observations). These find- 
ings suggested that labor may have an effect on im- 
munoregulatory cells. Therefore we identified mono- 
nuclear cell subsets in the cord blood of 31 neonates 
delivered after maternal labor and in 25 neonates with 
no preceding labor. These data were used to determine 
if the presence of labor before delivery influenced 
the number or proportions of these cord blood cell 
subpopulations. The absolute number of CD3- and 
_ CD4-positive lymphocytes was significantly (p < 0.02) 
greater in the cord blood of neonates with no labor 
preceding delivery. 


Methods 


Fifty-six term neonates, born at 38 to 42 weeks’ ges- 
tation, were studied. The length of gestation was de- 
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termined by maternal history of the last menstrual pe- 
riod and was confirmed with a Dubowitz examination 
within 48 hours of birth. Infants with a gestational age 
of <38 weeks were excluded from the study to avoid 
detection of changes in lymphocyte subpopulations 
caused simply by prematurity rather than by perinatal 
events." Gestational age, birth weight, Apgar scores at 
l and 5 minutes of age, and mode of delivery (vaginal 
vs cesarean section) were recorded for all neonates. The 
presence of labor before delivery was assessed to exist 
when there was increasing cervical dilatation or efface- 
ment with uterine contractions. Each neonate in the 
study was clinically normal and appropriately grown 
for term gestation. Thirty-one neonates had mothers 
in active labor before delivery (24 delivered vaginally 
and 7 delivered surgically) and 25 (all delivered sur- 
gically) had mothers with no active labor before deliv- 
ery. The mode of maternal anesthesia used for each 
cesarean section without preceding labor was epidural 
and the anesthetic used was bupivacaine. One mother 
who was delivered surgically after labor received a gen- 
eral anesthetic and the other six received epidural sup- 
port. Fifteen mothers delivered vaginally received epi- 
dural anesthetic and nine received either a local an- 
esthetic or no anesthetic. 

Specimen collection and cell isolation. Heparinized 
cord blood samples were collected in accordance with 
the institutional review board of University Hospitals 
of Case Western Reserve University. The blood was 
collected by venipuncture from the fetal side of the 
discarded placenta immediately after delivery. All sam- 
ples were maintained at room temperature and trans- 
ferred to the laboratory for study within 1 hour. Total 
white blood cell counts and differential counts were 
performed with standard hematologic methods to as- 
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Table I. Newborn study populations 


Labor No labor 
(n = 31) (n = 25) 
Gestational age (wk) 39.6 + 1.3 39.0 + 0.8 
Birth weight (gm) 3464 + 466 3434 + 576 
Apgar score 
1 min fis em aa BF 8.0 + 1.0 
5 min 8.9 + 0.7 9.1 + 0.6 


Values represent mean + SD. 


certain the absolute number of lymphocytes in each 
sample before separation and staining. Mononuclear 
cells were isolated from the cord blood by density gra- 
dient (specific gravity 1.077) centrifugation.* The iso- 
lated mononuclear cells were washed in RPMI 1640 
medium, incubated at 37° C for 45 minutes in serum- 
free medium to elute exogenous immunoglobulin G 
binding to the lymphocytes, washed again in warmed 
RPMI 1640, and adjusted to 5 x 10° cells per milliliter 
for staining. Cell viability was determined by the trypan 
blue dye exclusion method. Cytocentrifuge slides of the 
isolated mononuclear cells were prepared for differ- 
ential counts to identify the percentages of lympho- 
cytes, monocytes, and polymorphonuclear leukocytes 
in each sample. 

Normal adult peripheral blood mononuclear cells 
were assayed in parallel with cord blood samples. 

Surface marker staining. The isolated mononuclear 
cells were evaluated by an indirect immunofluorescence 
procedure? by the following monoclonal antibodies: 
‘OKT3 (CD3, pan T), OKT 11 (CD2, E-rosette receptor, 
pan T), OKT4 (CD4, helper/inducer cells), OKT8 
(CD8 suppressor/cytotoxic T cells), OKIa (B lympho- 
cytes, activated T lymphocytes, some monocytes), and 
OKMI1 (CD11, some null cells, monocytes, and gran- 
ulocytes) from Ortho Diagnostics Systems, Inc., Rari- 
tan, N.J., and fluorescein isothiocyanate—conjugated 
F(ab’)2 fragment, goat antimouse immunoglobulin G 
and immunoglobulin M from Tago, Inc., Burlingame, 
Calif., used as the secondary antibody. B lympho- 
cytes were identified by a direct immunofluorescence 
procedure with a fluorescein isothiocyanate—labeled 
F(ab’)2 fragment of goat anti—-total human immuno- 
globulin (Kallestad Diagnostics, Austin, Tex.). Negative 
controls for surface marker staining consisted of un- 
labeled cells and cells labeled with a nonbinding murine 
monoclonal immunoglobulin G, followed by the sec- 
ondary fluoresceinated antibody. Mononuclear cells 
(1.5 x 10°) were stained for each marker on the ba- 
sis of the manufacturer’s recommendations. Stained, 
washed cells were fixed with 1% paraformaldehyde for 
later analysis by flow cytometry. 

Flow cytometric analysis of lymphocytes. A laser- 
based flow cytometer (EPICS V, Coulter Electronics, 
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Inc., Hialeah, Fla.) was used to analyze surface markers 
on the mononuclear cells. The system is equipped with 
a 5 W, argon-ion laser (Inova 90-5, Coherent, Palo Alto) 
and a multiparameter data acquisition and display sys- 
tem (MDADS, Coulter). 

Surface marker analysis. Surface marker analysis by 
flow cytometry was performed according to established’ 
protocols for analysis of clinical specimens. A total of 
10,000 lymphocytes was counted for each marker. Data 
were collected with forward angle light scatter, 90- 
degree light scatter to integrated green fluorescence 
ungated, and integrated green fluorescence gated on 
forward angle light scatter and 90-degree light scatter 
to enumerate only positive lymphocytes. Data were an- 
alyzed and compared with software supplied by the 
manufacturer (Coulter), to generate percentages of 
lymphocytes that were positive for each marker as com- 
pared with the negative control. 

Data were statistically evaluated with standard ¢ tests. 
Pearson correlation coefficients were determined by the 
routine least-squares technique. 


Results 


Of the 56 neonates studied 21 were male and 35 were 
female. The gestational age, birth weight, and Apgar 
scores of the neonatal populations born with and with- 
out preceding labor are shown in Table I. Comparison 
of these reveals that the mean gestational age and birth 
weight were not significantly different between the two 
groups. Similarly, the Apgar scores assigned in the two 
groups at 1 and 5 minutes after delivery were not sig- 
nificantly different. 

The mononuclear cell marker data for these neo- 
nates and comparative adult data are shown in Table 
II. All neonates regardless of the presence or absence 
of labor before delivery had significantly (p < 0.001) 
greater white blood cell counts and absolute lympho- 
cyte counts when compared with the adult reference 
values. The absolute CD8 counts were not significantly 
different between newborn infants and adults, but the 
absolute CD4 and absolute CD3 counts were signifi- 
cantly (p < 0.001) greater in newborn infants. It is in- 
teresting that the percentages of CD2-, CD3-, CD4-, 
and CD8-positive T lymphocytes each were somewhat 
greater in adults. The absolute numbers and percent- 
ages of SIg B lymphocytes (SIg-positive cells) and 
of CD11- and Ja-positive cells were all significantly 
(p < 0.001) increased in cord blood when compared 
with adult blood values. 

The absolute number of total lymphocytes, T lym- 
phocytes (CD2 and CD83), and helper-inducer lympho- 
cytes (CD4) was significantly (p < 0.05) greater in the 
cord blood of infants delivered without preceding labor 
than in the cord blood of neonates delivered after labor. 
In the group of infants delivered after labor, there were 
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Table II. Neonatal cell subpopulations and adult reference values 


Labor (N = 31) No labor (N = 25) ` 







Adult reference values 
(N = 60) 






Cells / ul 





White blood cells 13,323 + 3,615 : 12,664 + 3,330 7,800 + 1,500 
Lymphocytes 33 + 8 4,249 + 1,091 44 + 12 5,373 + 1,747 3445 2,640 + 1,860 
CD2 positive T38 2,969 + 687* 70 + 11 3,797 + 1,596 

CD3 positive 63 + 8 2,660 + 800t 60 + 11 3,287 + 1,451 83 +7 2,189 + 807 
CD4 Positive 45 +8 1,908 + 654* 46 + 11 2,498 + 1,128 63 +7 1,656 + 64] 
CD8 positive 20 +5 813 + 322 17 +4 910 + 449 30 + 6 792 + 338 
CD4/CD8 ratio 2.4 + 0.9 2.9: 1,0 2.0 + 1.0 

SIg positive 16+ 3 659 + 173 14+ 5 753 + 352 15 + 3 391 + 171 
CD11 positive l4 +5 562 + 315 PS3 566 + 203 8+2 199 + 80 
OKlIa positive 16 +4 647 + 189 16 + 6 809 + 398 15+ 3 390 + 170 





Values represent mean + SD. 
*b < 0.02, labor versus no labor. 
tp < 0.05, labor versus no labor. 


no significant differences in the CD2, CD3, or CD4 cell 
counts between the 24 neonates born vaginally and the 
7 delivered by cesarean section. The ratio of helper- 
inducer/suppressor-cytotoxic cells was not significantly 
(p < 0.08) greater in the cord blood of neonates whose 
mothers had not been in labor, but the ratio did show 
a trend in that direction. There was no significant dif- 
ference in the total white blood cell counts or in the 
percentage or absolute number of the cell subpopula- 
tions identified as positive for CD8, Sig, CD11, or OKIa 
between neonates delivered after labor and those de- 
livered after no labor. Finally, the Apgar scores at | 
and 5 minutes were not significantly correlated with the 
counts of any mononuclear cell subset. 


Comment 


These data on mononuclear cell subpopulations from 
56 normal newborn infants are consistent with previ- 
ously reported values for T lymphocytes, B lympho- 
cytes, and CDI11-positive mononuclear cells in cord 
blood.*° CD4- and CD8-positive T lymphocytes appear 
in the fetal circulation after the fourteenth week of 
gestation as a reflection of intrathymic maturation.‘ 
Wilson et al.* reported that =80% of fetal T cells belong 
to the CD4-inducer subpopulation in the early third 
trimester of gestation and that the percentage decreases 
to approximately 75 at term. To avoid any skewing 
effect of shortened gestation on the T-lymphocyte sub- 
populations identified in this study, only neonates born 
at term were studied. 

We previously reported that neonatal lymphocyte 
proliferative responses and B-lymphocyte differentia- 
tion are each significantly greater in newborn infants 
delivered by cesarean section’? than in infants deliv- 
ered vaginally. It is interesting that in this study labor 


was significantly (p < 0.05) associated with decreased 
CD2, CD3, and CD4 subpopulations. One possible ex- 
planation for these observations is the effect of in- 
creased neonatal levels of circulating catecholamines or 
cortisone, associated with labor,’® on the T-cell sub- 
populations in cord blood. Differences in maternal an- 


_ esthesia are less likely to explain these findings because 


the same mode of anesthesia (epidural) and the same 
anesthetic (bupivacaine) were used for virtually all ce- 
sarean section deliveries and all vaginal deliveries in 
which anesthesia was induced. Further, since the mono- 
nuclear cell data were not different between the 24 
infants delivered vaginally and the 7 infants delivered 
surgically with preceding labor, labor itself rather than 
the stress of operation appears to be associated with 
the observed changes. Although the correlation be- 
tween T-lymphocyte phenotype expression and func- 
tion has been controversial in the newborn infant,'® !! 
the phenotype changes observed in this study could in 
part explain the differences in newborn lymphocyte 
function related to mode of delivery reported earlier 
frem our laboratory.” ? 

An alternative explanation is that changes in lym- 
phocyte phenotype observed in newborn infants deliv- 
ered after labor may be only one aspect of normal phys- 
iologic alterations secondary to the mild ischemia and 
hypoxia of delivery. This possibility is underscored by 
the finding that labor-related stress also significantly 
changes the activity of neonatal natural killer cells.” 
While labor decreases some lymphocyte functions, it 
enhances natural killer cell activity. Further studies of 
the influence of labor and stress on immune function 
are imperative. Our results document the importance 
of considering these variables in all studies of neonatal 
immune function. 
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Whether the labor-associated changes in neonatal cir- 
culating T-cell numbers in vivo described here or the 
changes in lymphocyte blastogenic responses in vitro 
we previously described’ affect the expression of cel- 
lular immunity in the newborn infant ts difficult to 
establish. Differences in the expression of cellular im- 
munity induced by labor may be relevant in responses 
to antigens introduced shortly after birth, i.e., bacille 
Calmette-Guérin immunization of the newborn in- 
fant.'? These data suggest that the effect of labor on 
the numbers and functions of different subsets of lym- 
phocytes, natural killer cells, and monocytes needs fur- 
ther evaluation. Future studies should assess the sen- 
sitivity of different subpopulations not only to the effect 
of labor but specifically to the length of labor and the 
duration of these effects after delivery. 
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Physiologic role of endogenous human atrial natriuretic peptide 


in preeclamptic ean 
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To assess the effect of endogenous human atrial natriuretic peptide on the vascular system in 
preeclampsia, the circadian variations of plasma human atrial natriuretic peptide, cyclic guanosine 
3’5’-monophosphate, cyclic adenosine 3’5’- -monophosphate, and blood pressure were measured. In 
severe preeclamptic women, the mean 24-hour values of human atrial natriuretic peptide and cyclic 
guanosine 3'5'- -monophosphate rose significantly compared with those in normal nonpregnant and 
pregnant women. Also, in sévere preeciamptic women, circadian variations of plasma atrial natriuretic 
peptide, cyclic guanosine 3’5’- -monophosphate, and blood pressure confirmed the same circadian rhythm 
with acrophase during the middle of the night. Plasma cyclic adenosine 3’5'-monophosphate values did 
not differ. significantly among the three groups and did not confirm a circadian rhythm. These results 
suggest that plasma human atrial natriuretic peptide may not strongly influence blood pressure, although it 
may induce the relaxation of vascular smooth muscles via the cyclic guanosine 3’ 5'-monophosphate 


system in- preeclampsia. (AM J OBSTET GYNECOL 1989; ;160: 155-9.) 


Key words: Preeclampsia, human atrial natriuretic peptide, cyclic guanosine 3'5’- 


monophosphate, blood pressure, circadian rhythm 


Plasma human atrial natriuretic peptide rises mark- 
edly in severe preeclampsia compared with that in nor- 
mal pregnancy.'? Plasma human atrial natriuretic pep- 
tide is released from atria, which results from an in- 
creased load to this area probably caused by generalized 
vasoconstriction in preeclampsia: However, the physi- 
ologic role of endogenous human natriuretic peptide 
in preeclampsia remains to be resolved, although it has 
been reported that human natriuretic peptide induces 
the relaxation of vascular-smooth muscle in in vitro 
study.” The relaxation of vascular smooth muscles is 
induced by decreasing intracellular free Ca?* concen- 
tration, resulting from rising cyclic adenosine 3’5'- 
monophosphate and guanosine 3’5’-monophosphate. 

In the present study, circadian variations of plasma 
human natriuretic peptide, cyclic guanosine 3’5’- 
monophosphate, cyclic adenosine 3'5'-monophos- 
phate, and blood pressure were measured to:assess the 
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effect of endogenous human atrial natriuretic peptide 
on the vascular system in preeclampsia. 


Material and methods 


Five normal nonpregnant women, 15 normal preg- 
nant women after 28 weeks of gestation, and five pri- 
miparous women with severe preeclampsia after 28 
weeks of gestation were examined. All were Japanese 
and ranged in age from 22 to 35 years old with no 
evidence of renal or cardiovascular diseases. Before 
initiation of this study, informed consents were ob- 
tained from all the women. 

Group 1l consisted of five normal nonpregnant: 
women, group 2 had 15 normal pregnant women after 
28 weeks of gestation, and group 3 was made up of 
five primiparous women with severe preeclampsia. 
Table I shows the clinical data on those women with 
severe preeclampsia. The diagnosis of preeclampsia 
was determined by means of the criteria of the Com- 
mittee on Preeclampsia, Japan Society of Obstetrics and 
Gynecology." In the present study, all women with se- 
vere preeclampsia had a blood pressure of 160/110 
mm Hg or more. 

All women were admitted to the Maternity Unit of 
Kyushu University Hospital at least 2 days before the 
study was performed. The normal nonpregnant and 
pregnant women were prescribed a diet containing ap- 
proximately 170 mEq/day of sodium, and the wo- 
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Table I. Clinical data on the five women with severe preeclampsia 










Patient No. 





Age (yrs) 


l 26 29 
2 24 35 
3 30 34 
4 26 30 
5 25 34 


Gestational wk at time 


of E ( whs) 






Clinical signs 


moo Proteinuria 
Edema (gmi day) 






Blood pressure 
(mmi Hg) 


— 5 162/112 
+ 5 170/110 
= 3 166/114 
— 4 164/110 
+ 4 172/112 





Table II. Plasma atrial natriuretic peptide values. at each hour, mean 24- hour vanes: and percentage 


deviation from mean -24- hour values i 




















Mean 
24-hr value 





% deviation | 






Sampling clock hri i hANP 


22:00 


Group 1* 43.7 + 1.6 ° 15.8 + 10.5 ` 40.5 +70 428270 ` 44.3 +59- 513+58_ 40.0 +41 43.5 26.7 
Group 2t 82.7 + 2.7 13.7 + 9.0 84.0 + 8.1 82.2 + 7.1 . 81.5 + 7.6 70.9 +79 90.2 + 12.9 87.4 + 9.3 
(n = 15) l 


Group 3¢ 243.4 + 9.6 46.5 + a 2 275.5 + 40.0 250.6 + 29.9 167.2 + 18.6 204.4 + 42.6 279.5 + 


(n = 5) 


+ 


21.6 282.9 + 27.0 





hANP, Plasma-atrial natriuretic peptide. 

*Notmal nonpregnant women. - 

{Normal pregnant women after 28 weeks’ gestation. 
{Primiparous with severe preéclampsia. 


men with severe preeclampsia were given about 120 
mEq/ day of sodium. Breakfast was served at 8: 00 AM, 
lunch at 12 noon, and dinner at 4:30 pM. All women 
remained in bed except to urinate and defecate and 
slept between 10:00 pM and 6: 00 AM. No drugs were 
ingested before or during the study. 

The same examiner (S. M.) measured blood pressure 

every 4 hours, at 6:00 AM, 10: 00 AM, 2:00 pM, 6:00 PM, 
10:00 pm and 2:00 AM using a manual sphygmomano- 
meter at the right brachial artery after the women had 
laid in the left recumbent position for 15 minutes or 
more. 
Simultaneously, venous biosa samples were collected 
in chilled tubes containing 2N ethylenediaminetetra- 
acetic acid and 2500 kallikrein inhibitor units of Tra- 
sylol (Bayer, Leverkusen, West Germany). The plasma 
was immediately separated by centrifugation at 4° C 
and stored at ~ 70° G until assay. l 

Plasma human atrial. natriuretic peptide \ was mea- 
sured by radioimmunoassay after human atrial natri- 
uretic peptide was extracted from plasma (2 ml) with 
an ODS-silica minicolumn (Sep- -Pac C-18, Waters As- 
sociates Inc., Milford, Mass.), as described.” The assay 
sensitivity was 12.5 pg/tube (100 pl), and intra- and 
interassay coefficients of variations were 6.9% and 
13%; respectively. Radioimmunoassay of cyclic gua- 


nosine 3'5'-monophosphate and cyclic adenosine aD = 
monophosphate’ was performed with commercial kits 
(Yamasa Shoyu Co., Chiba, Japan). 

The nadir-to- peak excursion of plasma human 
atrial natriuretic peptide, cyclic guanosine 3'5’- 
monophosphate, and _ cyclic adenosine 3'5"- 
monophosphate were expressed as the percentage of 
deviation from mean 24-hour values. Cosinor analysis 
was used to evaluate circadian rhythmicity.? A p value 
of <0.1 was regarded as statistically significant. Statis- 
tical analysis of mean 24-hour values and plasma values 
for each sampling tirne was performed with the Student 
t test. A p value of <0. 05 was regarded as statistically 
significant. The values of atrial natriuretic peptide, 
cyclic guanosine 3'5’-monophosphate, and cyclic aden- 
osine :3'5'-monophosphate were expressed as the 
mean + - standard error of arithmetic. mean (SEM). 


Results 


Chronologic changes in plasma human atrial natri- 
uretic peptide, cyclic guanosine 3'5’-monophosphate, 
and cyclic adenosine 3’ 5'-monophosphate. Tables II 
and III show the mean 24- hour values and percentage 
deviation from that mean of human atrial natriuretic 
peptide, cyclic guanosine 3’ 5'- monophosphate, and cy- 
clic adenosine 3' 5'-mnonophosphate for all groups. In 
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Table III. Plasma cyclic guanosine 3' 5'-monophosphate and adenosine 3'5'-monophosphate values at each 
hour, mean 24-hour values, and percentage deviation from mean 24-values 








Mean © 
24-hr value 


(pmol/ ml) 













% deviation 


cGMP 
Group 1* 
(n = 5) 
Group 2 
(n = 15) 
Group 3 
(n = 5) 
cAMP 
Group 1 
_ (n= 5) 
Group 2 
(n = 15) 
Group 3 
(n = 5) 


Sampling clock hr/plasma cGMP and cAMP 
2:00 | 6:00 10:00 14:00 18:00 


2.86 + 0.13 25.6 + 13.7 245 + 0.38 264+40.16 2.75 +0.17 266+ 031 3.53 + 0.53 2.94 — 0.08 


4.08 + 0.07 16.0 + 4.73 3.96 + 0.05 3.52 + 0.48 4.02 + 0.38 4.09 + 0.36 4.37 + 0.44 4.11 






22:90 







0.44 


14.03 + 0.37 46.4 + 7.41 17.72 + 2.50 15.83 + 1.90 11.60 + 1.67 10.92 + 1.24 13.98 + 1.78 14.77 = 1.9] 


17.25 + 0.09 1.0 + 1.4 17.34 + 1.50 17.13 + 1.77 17.28 + 2.19 17.04 + 1.44 17.52 + 1.53 17.19 + 0.87 
18.30 + 0.39 12.2 + 4.1 20.07 + 1.05 18.78 + 0.69 17.49 + 0.87 17.61 + 0.87 17.64 + 0.78 18.06 + 0.66 
19.98 + 0.78 18.2 + 9.5 22.26 + 1.44 22.96 + 1.83 19.11 + 1.74 20.95 + 2.40 18.45 + 2.94 17.70 + 2.73 


ers o 


cGMP, Cyclic guanosine 3'5'-monophosphate; cAMP, cyclic adenosine 3'5’ -monophosphate. 


*See Table II for definition of groups. 


groups | through 3, human atrial natriuretic peptide 
values were 43.7 + 1.6, 82.7 + 2.7, and 243.4 + 9.6 
pg/ml, respectively. In group 2 ‘(normal pregnant 
women), the levels of plasma human atrial natriuretic 
peptide at each sampling time were significantly higher 
than those in group | (normal nonpregnant women) 
(p < 0.01). At each sampling time, values of plasma 
human natriuretic peptide in group 3 (primiparous 
women with severe preeclampsia) were significantly 
higher compared with those in group 2 (p < 0. 01). 
The 24-hour mean values of plasma cyclic guanosine 
3! 5!-monophosphate in groups l, 2, and 3 were 
2.86 + 0.13, 4. 08 + 0.07, and 14.03 + 0.37 pmol/ml 
and those of cyclic adenosine 3'5’-monophosphate 
were 17.25 + 0.09, 18.30 + 0.39, and 19.98 + 0.78 
pmol/ml, respectively. As with plasma human natri- 
uretic peptide, values of plasma cyclic guanosine 3'5'- 
monophosphate in group 2 at each sampling were sig- 
nificantly higher than those in group 1 (p < 0. 01) and 
those in group 3 were higher than those in group 2 
(p < 0.01).- However, there were rio differences in the 
values of plasma cyclic adenosine 3’5'- -monophosphate 
at each sampling for the three’ groups (p > 0.1). 
Circadian rhythm of plasma human atrial natri- 
uretic peptide, cyclic guanosine 3’ 5’-monophosphate, 
cyclic adenosine 3'5’-monophosphate, and blood 
pressure. Plasma human atrial natriuretic peptide, cy- 
clic guanosine 3’5’- monophosphate, and cyclic aden- 
osine 3'5’-monophosphate values at each sampling are 
shown in Tables II and HI. In groups 1 and 2, cosinor 
analysis of plasma human atrial natriuretic peptide and 
cyclic guanosine 3'5'- -monophosphate did not confirm 
a clear circadian rhythm (p> 0.1) ( Fig. 1). In both 
groups, the nadir-to-peak excursions were insignificant 


for human atrial natriuretic peptide and cyclic gua- 
nosine 3'5'-monophosphate. In group 3 plasma human 
atrial natriuretic peptide and cyclic guanosine 3’5’- 
monophosphate confirmed the clear circadian rhythm 
(p < 0.05, p < 0.02, respectively), with statistically iden- 
tical acrophase (the theoretic time when the peak value 
is reached) occurring at 10:50 pm and 1:50 AM, re- 
spectively (p > 0.01). In group 3 there were no signif- 
icant differences between the nadir-to-peak excursion 
of human atrial natriuretic peptide and plasma cyclic 
guanosine 3'5’-monophosphate (p > 0.5) (Fig. 1}. On 
the other hand, cosinor analysis of plasma cyclic aden- 
osine 3’5’-monophosphate, did not confirm a clear cir- 
cadian rhythm in any of the three groups (p > 0.1). 
Fig. 2 shows the circadian variations in systolic and 
diastolic blood pressures for all groups. The values 
were expressed as the mean percentage deviation 
from the mean 24-hour values. As shown in Fig. 2, 
the peak values in the circadian variations in systolic 
and diastolic blood pressure for group 3 occurred at 
2:00 am and the nadir values at 2:00 pm. The circadian 
variations in systolic and diastolic blood pressure in 
group 3 were opposite of those found in groups 1 
and 2. 


Comment 


Human atrial natriuretic peptide activates the par- 
ticulate form of guanylate cyclase in vascular smooth 
muscle cells. The elevated cyclic guanosine 3’5’- 
monophosphate that results from activation of partic- 
ulate guanylate cyclase by human atrial natriuretic pep- 
tide induces the relaxation of vascular muscle cells 3 
decreasing the intracellular free Ca* concentration.’ 
Plasma cyclic guanosine 3'5'-monophosphate also in- 
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Fig. 1. Diurnal variation of plasma atrial natriuretic peptide 
(hANP) and cyclic guanosine 3’5’-monophosphate (cGMP). 
Solid line shows measured values (mean + SEM). Dotted line 
shows theoretic values obtained by cosinor analysis. Opened 
symbols show human atrial natriuretic peptide and closed sym- 
bols, cyclic guanosine 3'5'-monophosphate. © @, normal non- 
pregnant women; A A, normal pregnant women; O M, primi- 
parous with severe preeclampsia. j l 


creased specifically from the release of human atrial 
natriuretic peptide.” The evidence suggests that in vivo 
the effect of human atrial natriuretic peptide on vas- 
cular smooth muscles can be evaluated by changes in 
plasma cyclic guanosine 3'5'-monophosphate. 

In the present study, both plasma human atrial 
natriuretic peptide and cyclic guanosine | 315" 
monophosphate rose markedly during the middle of 
the night in severe preeclampsia. ‘There were no Sig- 
nificant’ differences in the acrophase or the nadir-to- 
peak excursions between plasma human. natriuretic 
peptide and cyclic guanosine 39 ‘-monophosphate on 
the basis of analysis of circadian variation. The re- 
sults indicated that plasma cyclic guanosine 3’5'- 
monophosphate became elevated by increased plasma 
human atrial natriuretic peptide and suggested that 
the elevation in plasma human atrial natriuretic pep- 
tide might cause the relaxation of vascular smooth 
muscles by ‘activation of the cyclic guanosine 3'5- 
monophosphate system in preeclampsia and that hu- 
man atrial natriuretic peptide might play a role in com- 
pensation for generalized vasoconstriction. l 

Human atrial natriuretic peptide : also has hypoten- 
sive activity.’ When atrial natriuretic peptide was con- 
tinuously infused in humans, the mean plasma atrial 
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Fig. 2. A, Diurnal variations in systolic blood pressure. B, 
Diurnal variations in diastolic blood pressure values expressed 
as mean percentage deviation from mean 24-hour values. O, 
normal nonpregnant women; 4, normal pregnant women; #, 
primiparous with severe preeclampsia. 


natriuretic peptide values increased to a concentration 
of 625 pg/ml, and systolic and diastolic blood pressures 
decreased.* The hypotensive effect of human atrial na- 
triuretic peptide may be related to the vasodilatory ef- 
fect because skin blood ` flow increased in a dose- 
dependent manner in response to an intravenous in- 
fusion of atrial natriuretic peptide.’ However, in the 
present study blood pressure rose significantly dur- 
ing the middle of the night when both plasma human 
atrial natriuretic peptide and cyclic: guanosine: 3'5'- 
monophosphate increased simultaneously. These re- 
sults suggest that the hypotensive effect of elevated 
endogenous plasma human atrial natriuretic peptide. 
may be small in preeclampsia, although human atrial 
natriuretic peptide may induce the relaxation of vas- 
cular smooth muscle to prevent the further enhance- 
ment of generalized vasoconstriction in preeclampsia. 
This may be because the elevated levels of endogenous 
human atrial natriuretic peptide in preeclampsia were 
significantly lower than those resulting from continu- 
ous infusion of atrial natriuretic peptide. On the other 
hand, the fact that blood pressure, plasma human 
atrial natriuretic peptide, and cyclic guanosine 3’5’- 
monophosphate rose simultaneously during the middle 
of the night suggested that nocturnal hypertension may 
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be caused by mechanisms other than enhanced gen- 
eralized vasoconstriction in preeclampsia. 

Plasma cyclic adenosine 3'5'-monophosphate did not 
confirm a clear circadian rhythm in any of the three 
groups. It was reported that a clear circadian rhythm 
of cyclic adenosine 3'5'-monophosphate could not be 
observed"’ and that plasma cyclic adenosine 3’5’- 
monophosphate values showed no differences among 
normal nonpregnant, pregnant, and _preeclamptic 
women.” The results in the present study are consistent 
with previous reports'"'? and indicate that plasma hu- 
man atrial natriuretic peptide has little influence on 
plasma cyclic adenosine 3'5’-monophosphate values. 

In conclusion, plasma human atrial natriuretic pep- 
tide, cyclic guanosine 3'5’-monophosphate, and blood 
pressure rose significantly and established the clear 
circadian rhythm with the acrophase during the mid- 
die of the night in severe preeclampsia. The hypo- 
tensive effect of endogenous human atrial natriuretic 
peptide may be small in preeclampsia, but the elevated 
human atrial natriuretic peptide may prevent the fur- 
ther enhancement of generalized vasoconstriction by 
vasorelaxant activity via the cyclic guanosine 3/5’- 
monophosphate system. 


We are grateful to Professor T. Kawasaki (Kyushu 
University) and Dr. M. Oohashi for comments on the 
manuscript and to Linda Saza for helpful advices. 
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Vibratory acoustic stimulation in 26- to 32-week, 


small-for-gestational-age fetus 


Robert Gagnon, MD, Cora Hunse, RN, Lesley Carmichael, BSc, and John Patrick, MD 


London, Ontario, Canada 


Seven pregnant women with early-onset (<32 weeks’ gestation) intrauterine growth retardation were 
studied to examine fetal heart rate and fetal activity patterns after vibratory acoustic stimulation. All studies 
were done between 26 and 32 weeks’ gestation. All fetuses but one were not acidotic at birth. There was 
a reduced time during which accelerations (50% less), long-term fetal heart rate variability (25% iess), and 
body movements (60% less) occurred in small-for-gestational-age fetuses compared with these times in 
age-matched normally grown fetuses. Fetal heart rate and fetal activity patterns were not significantly 
altered after stimulation with the electronic artificial larynx. We hypothesized that severe, early-onset (<32 
weeks’ gestation), chronic nutritional deprivation of human fetuses is associated with a delay in the 
functional maturation of fetal sensory receptors. (AM J OBsTET GYNECOL 1989;160:160-5.) 


Key words: Fetal sensory receptors, fetal heart rate accelerations, fetal movements, early- 


onset intrauterine growth retardation 


Perinatal mortality has decreased remarkably over 
the past 20 years with the advent of better antenatal 
and neonatal care. However, during the same period, 
the prevalence of cerebral palsy and neurologic handi- 
caps has remained stable with a prevalence rate of 2 to 
3 per thousand live births.’ It has been reported that 
premature growth-retarded (small-for-gestational-age 
[SGA]) infants are at a higher risk for cerebral palsy 
than normally grown (appropriate-for-gestational-age 
[AGA]) neonates” and tend to be less responsive to vi- 
sual and auditory stimuli.* 

Recently, fetal heart rate response to vibratory acous- 
tic stimulation was documented from 26 weeks to term 
in healthy fetuses’ and was suggested as a means to 
assess fetal health.” 

The aims of this study were to examine effects of an 
external vibratory acoustic stimulus on fetal heart rate 
(FHR), gross fetal body movements, and fetal breath- 
ing movements in a group of SGA fetuses from 26 to 
32 weeks’ gestational age. 
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Patients and methods 


Patients. Informed consent was obtained from 13 
pregnant women with singleton pregnancies between 
26 and 32 weeks’ gestational age with clinical or ultra- 
sound findings of possible intrauterine growth re- 
tardation (SGA) and from nine low-risk pregnant 
women (AGA) matched for gestational age. All AGA 
infants had subsequently normal neonatal outcomes. 
All women either had reliable menstrual dates or un- 
derwent ultrasound examination during the second 
trimester. Usher and McLean’ charts were used to clas- 
sify the birth weights of the fetuses studied. Growth 
retardation was diagnosed when birth weight was less 
than the third percentile for gestational age. Six (46%) 
of the women with fetuses thought to be SGA had nor- 
mal term deliveries with normal birth weight infants 
and were excluded from subsequent analysis. All other 
women were delivered of infants with a birth weight 
less than the third percentile. 

Women who were delivered of SGA infants (n = 7) 
were matched for gestational age with healthy pregnant 
women who received a 5-second vibratory acoustic stim- 
ulation on the hand as control subjects (AGA) (n = 9). 
Table I illustrates the characteristics of the fetuses stud- 
ied. Umbilical cord arterial and venous blood gas values 
were determined in all SGA and matched AGA fetuses 
(Table II). Four (57%) women in the SGA group were 
delivered by cesarean section: one for a persistent non- 
reactive nonstress test with FHR decelerations at 33 
weeks and severe pregnancy-induced hypertension 
(umbilical arterial pH 7.04, 5-minute Apgar score of 7, 
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Table I. Patient characteristics 
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Gestational age 29.3 + 0.8 26-32 29.1 + 0.8 26-32 
at test (wk) 

Gestational age 32.8 + 1.6% 27-39 39.4 + 0.6 38-42 
at delivery (wk) 

Birth weight (gm) 1099 + 2637 540-2550 3409 + 84 3020-3810 

5 min Apgar l 0 
score <7 (No.) 

Length of stay in 56.3 + 17.8 7-147 0 


neonatal intensive 
care unit (days) 


*p < 0.01, compared with AGA group. 
tp < 0.001, compared with AGA group. 


Table II. Umbilical cord blood gas values 





AGA (n = 9) 






Po, (mm Hg) 
Artery 14.4 + 1.3 10.3-19.2 17.4 + 1.9 8.7-28.0 
Vein 24.4 + 1.3* 18.9-28.4 30.0 + 1.5 20.7-36.2 

Pco, (mm Hg) 
Artery 52.4 + 3.0 45.6-62.8 52.1 + 2.4 45.1-69.7 
Vein 43.9 + 2.3 36.6-53.9 40.0 + 1.9 29.6-48.4 
H 

i Artery 7.21 + 0.04 7.04-7.32 7.25 + 0.02 7.12-7.31 
Vein 7.27 + 0.03+ 7.16-7.36 7.36 + 0.02 7.30-7.43 





*p < 0.05, compared with AGA group. 
tp < 0.02, compared with AGA group. 


birth weight 720 gm), one for severe variable FHR de- 
celerations at 31 weeks (umbilical arterial cord blood 
pH 7.25, 5-minute Apgar score of 8, birth weight 750 
gm), and two for severe pregnancy-induced hyperten- 
sion. Severe oligohydramnios was noted in six of the 
seven women with SGA fetuses. There was no congen- 
ital anomaly or neonatal death. One woman in the AGA 
group was delivered by cesarean section because of fail- 
ure to progress. 

Experimental design. The women received a stan- 
dardized 800 kcal breakfast at 8 Am or lunch at noon. 
All studies began 1 hour later and were conducted in 
a quiet room, with patients either sitting upright in bed 
or resting in a lateral recumbent position. The women 
were asked not to smoke for at least 4 hours before the 
studies. 

All women had been acclimatized by listening to the 
stimulus in air before the beginning of the studies. They 
were informed that the stimulus might be applied ei- 
ther on the abdomen (SGA) or on the hand (AGA). 


Wamen were studied continuously for 1 hour. Two 
women in the SGA group had more than one study 
separated by at least 10 days. At the end of the first 30 
minutes of observation, a 5-second vibratory acoustic 
stimulus was applied on the surface of the maternal 
abdomen over the fetal head (SGA, n = 9) or on the 
maternal hand (AGA, n = 9) for control subjects. All 
women received only one stimulus to either the ab- 
domen (SGA) or hand (AGA) during individual studies. 
One study was conducted at 26 weeks, two at 27 weeks, 
anc six at 30 weeks’ gestation. 

The external vibratory acoustic stimulus used in this 
study was generated with a model 5C electronic arti- 
ficial larynx (Western Electric, New York, courtesy of 
Mr. John Kasper, Corometrics Medical Systems, Inc., 
Wallingford, Conn.), as previously described.’ 

FHR and fetal activity measurements. Fetal heart 
rate was recorded with a Hewlett-Packard model 8040A 
(Hewlett-Packard GmbH, Boeblinger, Federal Republic 
of Germany) external monitor with a compact trans- 
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Fig. 1. Mean time spent in accelerations (seconds) was plotted 
in 10-minute intervals before and after control (AGA) or stim- 
ulus (SGA). Mean number of FHR accelerations was plotted 
on same time scale. 


ducer and analyzed on-line by a Sage II microprocessor 
(Sage Technology, Reno) as previously described.* Dur- 
ing analysis, a baseline rate was fitted to the heart rate 
record and accelerations of =10 beats/min for #15 
seconds above the baseline rate were recognized au- 
tomatically. 

For each 10-minute interval, the basal FHR (in beats 
per minute) and the mean minute range (in millisec- 
onds) were calculated. The mean minute range is a 
numeric measurement of long-term FHR variability.’ 

Fetal breathing movements and gross fetal body 
movements were measured in four (57%) of the seven 
SGA fetuses with a real-time ADR ultrasound scanner 
(model 2130, ADR Ultrasound, Tempe, Ariz.) and an- 
alyzed on-line in 5-minute intervals with a PDP 11/34 
minicomputer (Digital Equipment Corporation, May- 
nard, Mass.) as previously described.’ The transducer 
operated at a frequency of 3.5 MHz with an average 
intensity of 0.045 mW/cm?. Individual gross fetal body 
movements and fetal breathing movements were iden- 
tified on a video monitor and coded with an event 
marker. The transducer was positioned over the ma- 
ternal abdomen to permit the continuous observation 
of a longitudinal cross section of fetal chest and ab- 
dominal wall echoes.” 

Data analysis. The basal FHR, the number of FHR 
accelerations of =10 beats/min for 215 seconds above 
the baseline, the duration and amplitude of individual 
FHR accelerations, the total time spent in accelerations, 
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Fig. 2. Mean basal FHR was plotted in 10-minute intervals 
before and after control (AGA) or stimulus (SGA). 


and the mean minute range were determined for 
successive 10-minute intervals for the 18 hours of 
total FHR recordings. All results are presented as 
means + SEMs for successive 10-minute intervals be- 
fore and after vibratory acoustic stimulus on the ma- 
ternal abdomen (SGA) or on the maternal hand (AGA). 
Portions of records that could not be analyzed because 
of FHR signal loss of more than 30% or patient inter- 
ruption were not included. These portions made up 
3.7% of the total study time. 

Measurements of the percentage of time spent mak- 
ing gross fetal body movements and the percentage of 
time spent making breathing movements were calcu- 
lated for each 10-minute interval of total observation 
time (SGA n = 4; AGA n = 4). Portions of movement 
records that could not be analyzed because of technical 
problems or patient interruption made up 2.1% of the 
total time involved. 

Statistical significance between groups before and af- 
ter stimulus (SGA) or control (AGA) was determined 
with the use of a mixed nested two-way analysis of 
variance” that compared overall means and each of the 
10-minute intervals of the two groups studied (SGA 
and AGA). An HP 9845B microprocessor (Hewlett- 
Packard, Computer Division, Fort Collins, Colo.) was 
used. Patient characteristics of the AGA and SGA group 
of fetuses were compared by unpaired ¢ test. 


Results 


Characteristics of FHR accelerations and FHR vari- 
ability. The total time during which FHR accelerations 
occurred per 10 minutes was 25 + 11 seconds in the 
SGA fetuses before vibratory acoustic stimulation, 
which was significantly lower than the value in the 
AGA group (69 + 16 seconds) (analysis of variance 
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with the electronic artificial larynx. This fetus was delivered 10 days later by elective cesarean section 
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and growth-restricted (SGA) fetuses. 


p = 0.032) (Fig. 1). The total time spent in accelera- 
tions did not change after stimulus (SGA) and remained 
lower than that of the AGA group (Fig. 1). 

The mean number of FHR accelerations per 10- 
minute interval was 0.6 + 0.3 in the SGA fetuses before 
stimulus, which was significantly lower than the value 
in the AGA fetuses (1.8 + 0.3) (analysis of variance 
p = 0.005) and did not change after vibratory acoustic 
stimulation (Fig. 1). 
= The mean 10-minute mean minute range value was 
28.4 + 3.6 msec before stimulus in SGA fetuses, 
which was significantly lower than the 40.3 + 3.3 msec 
value in the AGA group (analysis of variance p= 
0.020). After stimulus (SGA), or control (AGA), the 
mean 10-minute mean minute range values remained 
unchanged. 

No significant differences in the mean amplitude of 
FHR accelerations (AGA 18.1 + 1.5 beats/min; SGA 


16.1 + 1.1 beats/min) and in the mean duration of 
FHR accelerations (AGA 38 + 5 seconds; SGA 46 + 6 
seconds) were found before or after stimulus (SGA) or 
control (AGA). 

Basal FHR. The mean basal FHR was 146.0 + 3.0 
beats/min during the 30 minutes before stimulus 
(SGA), which tended to be higher than that of the con- 
trol AGA group (140.1 + 2.6 beats/min) (analysis of 
variance p = 0.09). After stimulation of SGA fetuses 
with the electronic artificial larynx, no significant 
change in basal FHR occurred (Fig. 2). 

In one 32-week-old SGA fetus, the basal FHR in- 
creased from a prestimulation value of 155 beats/min 
up to 172 beats/min during the 10 minutes after vi- 
bratory acoustic stimulation (Fig. 3). This fetus -was 
delivered 10 days later by an elective cesarean section 
for persistent nonreactive nonstress testing and spon- 
taneous late FHR decelerations. The birth weight was 
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720 gm, the umbilical artery pH was 7.04 and Po, was 
12 mm Hg. At 3 months of age, this infant required a 
ventricular shunt because of progressive hydrocepha- 
lus. All other fetuses had no FHR response to the elec- 
tronic artificial larynx and had normal umbilical artery 
cord blood gas values. 

Relationship’ between FHR accelerations, FHR 
variability, and gross fetal body movements. Fig. 4 
summarizes characteristics of FHR and fetal activity 
patterns during the hour in which both groups of fe- 
tuses (SGA and AGA) were observed. The mean 10- 
minute mean minute range value and the percent 
time spent in accelerations were significantly higher 
in AGA (40.6 + 3.2 msec and 12.5% + 3.0%, respec- 
tively) than in SGA fetuses (29:9 + 3.8 msec and 
6.1% + 2.3%, respectively) (analysis of variance both 
p < 0.05) (Fig. 4). During the hour of observation, the 
incidence of gross fetal body movements was signifi- 
cantly lower in SGA fetuses (3. 6% + 1.7%) than .in 
AGA fetuses (11.1% + 1.9%) (analysis of’ variance 
p < 0.05) (Fig. 4). | i 

The SGA fetuses made breathing movements 
6.8% + 3.4% of the hour the experiments were con- 
ducted, which was significantly lower than the incidence 


of breathing movements in AGA fetuses matched for 


gestational age (25.6% + 6.6%) (analysis of variance 
p < 0.05) (Fig. 4). 


Comment 


The data indicated that, in a group of preterm (=32 
weeks’ gestation) growth- -restricted fetuses without sig- 
nificant acidemia in the umbilical artery at birth, FHR 
patterns were significantly altered. There was a reduc- 
tion in the time during which accelerations occurred 
(50% less) and a reduction in long-term FHR vari- 
ability (25% less) with a slightly higher basal FHR 
(6 beats/min higher) compared with these levels in 
healthy, normally grown fetuses at the same gestational 
age. The incidence of gross fetal body movements was 
also reduced by 60% and that of fetal breathing move- 
ments by 70% compared with AGA fetuses. After vi- 
bratory acoustic stimulation, no significant change in 
FHR and fetal activity patterns was found in preterm 
(26 to 32 weeks) SGA fetuses. 

Premature,’ severely growth-restricted infants have 
been reported to be one of the highest risk groups for 
cerebral palsy.? The majority of brain insults, which 
lead to cerebral palsy, are now believed to occur during 
the antenatal period rather than. during labor.’ SGA 
fetuses have one main variable in common: “the re- 
duced supply line” with possible chronic hypoxemia 
and nutritional deprivation. A few authors have inves- 
tigated the effects of this metabolic deprivation on neo- 
natal neurologic development. 

Rees et al.!2 removed 80% of the endometrial carun- 
culae in ewes before conception, which reduced the size 
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of the placenta and resulted in subsequent severe in- 
trauterine growth retardation in the fetal lambs. In 10 
severely growth-retarded fetal lambs, the weight of the 
brain was reduced by 21% with a significant 1 reduction 
in the growth of the neuropil in the motor and visual 
cortices.!? This suggested that chronic fetal nutritional 
deprivation might have detrimental effects ‘on brain 
histologic development. Whether or not these devia- 
tions in neural development find their expression in 
the function of the fetal central nervous system remains 
to be determined. 

The behavioral response of the neonate to stimuli is 
an essential part of the neurologic examination in the 
newborn infant to measure the integrity and function 
of the central nervous system." SGA infants, tend to 
score lower than AGA neonates on measures of visual 
fixation and orientation to visual and auditory stimuli.’ 
(Edwards DA, Pettigrew AG, Henderson-Smart DJ. Un- 
published observations), ‘measured and compared the 
prolongation of interpeak intervals (between peak IIn 
and V) in the brain stem auditory evoked responses 
with an increasing stimulus rate (from 11 to 41 Hz) in 
SGA and AGA infants born before 34 weeks’ gestation. 
This maneuver is known to influence the efficacy of 
synaptic transmission and does not influence the con- 
duction velocity of axons." The investigators reported 
significantly less prolongation of the interval between 
peaks for the SGA infants compared with that for AGA 
infants matched for ages (unpublished observations). 
This difference was no longer present after 34 weeks’ 
postmenstrual age. These results suggested a delay in 
the development of synaptic transmission in the brain 
stem of SGA infants born before 34 weeks of gestation. 
We" previously reported, in a group of SGA fetuses of 
more than 33 weeks’ gestational age, a response to the 
electronic artificial larynx similar to that in AGA fe- 
tuses. Current data suggested that SGA fetuses of <33 
weeks’ gestation were usually unresponsiye to the elec- 
tronic artificial larynx. This might indicate a delay in 
the functional maturation of fetal sensory transmission 
in human fetuses with early-onset (<32 weeks’ gesta- 
tion) intrauterine growth restriction. Therefore pre- 
mature SGA fetuses are probably similar to preterm 
SGA infants. 

In this study, as in others,'*"’ there was a significant 
reduction in long- -term FHR variability (25% less), FHR 
accelerations (50% less), and fetal movements (60% 
less) in SGA fetuses compared with these values in AGA 
fetuses. Rurak et al.’* previously reported, in fetal 
lambs, that skeletal muscle was responsible for approx- 
imately 40% of total body oxygen consumption. This 
suggested that reduction in FHR variability and fetal 
movements in SGA’ fetuses might be an “energy- 
sparing” mechanism of adaptation to chronic hypox- 
emia that maintains oxidative metabolism. | 

The data indicated that, in a group of preterm SGA 
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fetuses (<33 weeks’ gestational age) without significant 
acidemia at birth, fetal heart rate variability and fetal 
movements were significantly reduced. After vibratory 
acoustic stimulation, no significant change in FHR and 
movement patterns occurred. We hypothesized that se- 
vere early-onset (<32 weeks’ gestation) chronic nutri- 
tional deprivation of human fetuses might be associated 
with a delay 1 in the functional maturation of fetal sen- 
sory receptors. 

It remains to be seen whether this altered response 
to the electronic artificial larynx is associated with a 
higher risk of subsequent abnorrnal neurologic devel- 
opment. 


We wish to thank Professor G. S. Dawes, M. Isaac 
Rapoport, and Mrs. M. de Sousa for their kind 
assistance. 
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Value of observation of fetal breathing activity in antenatal 


assessment of high-risk pregnancy 


Lawrence D. Devoe, MD, David A: Ruedrich, MD, and Nancy S. Searle, BA 


Augusta, Georgia 


While observation of fetal breathing movements has been used in fetal assessment, quantitative 
parameters (percent time spent in breathing [incidence], breath rate, or breath rate variability) have not 
been adequately evaluated as predictive tools. We examined 283 patients with high-risk pregnancies 
between 32 and 42 weeks’ gestation and correlated their fetal breathing movement parameters with the 
rates of perinatal mortality, intrapartum fetal distress, neonatal acidosis, low 5-minute Apgar score, and 
intrauterine growth retardation. Fetal breathing data from standardized 60-minute biophysical tests were 
analyzed and compared with our institutional standards. Parameter values >2 SD from the means of a 
previously studied normal population were considered abnormal. Whereas no individual parameter was a 
highly accurate predictor of adverse outcome, a fetal breathing movement incidence of <5% provided the 
best cutoff for diagnostic accuracy. Seventy percent of fetuses with 30 minutes of apnea had normal 
outcomes, whereas abnormally high breath rates (>60 breaths/min) and low breath rates (<33 

breaths/ min) occurred with equal frequency among normal and pathologic fetuses. Breath interval 
variability was of no benefit in detecting fetuses with poor outcomes. Observation of fetal breathing 
movement incidence appeared to be most effective in pregnancies complicated by chrenic hypertension 
and least effective in those with preeclampsia. (Am J OssTeT GYNECOL 1989;160:166-71.) 


Key words: Biophysical testing, fetal breathing, high-risk pregnancy 


Fetal breathing movements are normal episodic phe- 
nomena in third-trimester pregnancy.’ Their incidence 
(percent of time spent in dctivity), rate, and morpho- 
logic features may be influenced by maternal factors 
such as diet? or drug administration,’ by fetal circadian 
rhythms and electrocortical states,’ and by acid-base 
balance.® Fetal breathing movement incidence may de- 
crease before spontaneous term labor® or when intra- 
uterine growth retardation (IUGR) is present.” Com- 
puterized analysis of fetal breathing.movements allows 
quantification of their incidence, rate, and variability,’ 
whereas analysis of breath morphologic features re- 
quires more sophisticated tracking equipment.? Quan- 
tified analysis of fetal breathing movements may be 
performed over intervals ranging from a few minutes 
to several hours. 

In clinical practice observation of fetal breathing has 
become part of a biophysical profile,” which typically 
documents its presence or absence during 30 to 60 
minutes of real-time ultrasound scanning. The lack of 
uniformity in study methodology has prevented valid 
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comparison of the data from earlier reports and has 
possibly obscured the clinical significance of their find- 
ings. We undertook the present study to evaluate how 
quantified measures of fetal breathing activity were re- 
lated to normal and abnormal pregnancy outcomes. 
Our primary goal was to determine whether a more 
detailed analysis of the parameters of fetal breathing 
yielded better prognostic information than the simple 
documentation of the presence or absence of fetal 
breathing movements. 


Material and methods 


Study population. Two hundred eighty-three ob- 
stetric patients undergoing biophysical testing at the 
Medical College of Georgia formed the study group, 
whose testing indications are listed in Table I. All preg- 
nancies were tested and delivered between 33 and 42 
weeks’ gestation (mean + SD 36.7 + 2.3 weeks). Each 
fetus was singleton, without major anomalies, and had 
a gestational age established by clinical dates and cor- 
roborative ultrasonographic measurements. All were 
delivered within 7 days of the finial test (mean + SD 
2.3 + 2.0 days). 

Testing procedure. All observations were made un- 
der a standardized, previously published protocol.’ 
Each study lasted 60 minutes, and fetal breathing move- 
ments, fetal body movements, and fetal heart rate pat- 
terns were acquired simultaneously with real-time ul- 
trasonography and an electronic fetal heart rate mon- 
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itor, interfaced with a programmed microcomputer. 
Breathing activity was observed from a sagittal view of 
the fetal thorax and abdomen, according to the criteria 
of Patrick et al.’ 

Data analysis. Percent time spent in breathing, 
breath rate, breath rate interval variability (coefficient 
of variation), and apneic intervals were determined 
during each 15-minute interval up to 60 minutes. These 
data were rated according to institutional standards for 
normal fetuses from 32 to 42 weeks’ gestation (Table 
II) in which values exceeding 2 SD from the population 
mean were considered abnormal. Abnormal perinatal 
outcomes were defined as (1) antepartum or neonatal 
death, (2) intrapartum fetal distress (late or persistent 
severe variable decelerations, accompanied by de- 
creased fetal heart rate variability or scalp pH <7.20), 
(3) neonatal acidosis (umbilical arterial pH <7.20), (4) 
5-minute Apgar score <7, and (5) intrauterine growth 
retardation (IUGR) (birth weight less than tenth per- 
centile for gestational age by institutional nomograms). 
Statistical analysis included only the final tests before 
delivery. Methods included ¢ tests, z tests, and x? tests, 
as indicated in the tables and text, with a p value <0.05 
considered as significant. 


Results 


There were no significant differences in breathing 
parameters between the group with normal outcomes 
(187 fetuses) and the normal population for this ges- 
tational age range at our institution (Table II). When 
the group with normal outcomes was compared with 
the 96 fetuses with poor outcomes, statistically signifi- 
cant group differences were noted only for percent of 
time spent in breathing and breath interval variability, 
although the absolute differences in the latter are not 
clinically significant (Table II). Table III compares fe- 
tuses with normal or abnormal breathing parameters 
with respect to perinatal outcomes. The group with 
abnormal breathing parameters had significantly lower 
mean gestational age at birth and mean birth weight 
and higher rates of intrapartum fetal distress, cesarean 
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Table I. Indications for biophysical testing 






Patients 





Clinical problem 

Postdates 50 17.6 
IUGR 43 18.2 
Chronic hypertension 44 15.6 
Preeclampsia 20 Fal 
Diabetes 

Class A 27 25 

Classes B-R 30 10.6 
Decreased fetal movement 5 2.1 
Abnormal fetal heart rate ll 2.9 
Poor obstetric history 7 2 
Rh sensitization 6 221 
Miscellaneous medical problems 13 4.6 
Miscellaneous obstetric problems 26 G2 
TOTAL 283 100.0 


section because of fetal distress, low 5-minute Apgar 
scores, and acidosis. 

There were four perinatal deaths in the study group. 
One occurred in the antepartum period in a pregnancy 
complicated by Class A diabetes. The infant weighed 
3900 gm at 40 weeks’ gestational age and had a fetal 
breathing movement incidence of 4.5% 3 days before 
intrauterine death; all other biophysical parameters 
were normal. The autopsy failed to reveal an obvious 
cause of death. Three neonatal deaths occurred. One 
infant, weighing 2240 gm at 39 weeks, was delivered 
within 24 hours of a normal test (incidence of fetal 
breathing movements 29.9%, fetal breath rate 39.2 
breaths/min, breath interval variability 0.62). After 
precipitate labor the infant had Apgar scores of 3 and 
5 at 1 and 5 minutes, respectively, and an umbilical 
arterial pH of 7.10. Death occurred within 48 hours 
and was attributed to consequences of irreversible met- 
abolic acidosis and intractable renal failure. Two neo- 
natal deaths occurred in severely growth-retarded in- 
fants weighing 960 and 990 gm, at 33 and 34 weeks, 
respectively. Both fetuses were apneic for the entire 
study period, were delivered by cesarean section on the 


Table II. Normal values for institution and study group values for fetal breathing activity (32 to 42 weeks’ 


gestation, per 60 minutes) 


Parameter 
Percent time spent in 25 + 10.5 
breathing 
Breathing rate 47.7 + 6.8 
(breaths/min) 
Breath interval 0.55 + 0.10 


variability (coefficient 
of variation) 


Normal* Good Poor 
(mean + SD) outcomes (N = 187) outcomes (N = 96) 


20 12.9 19.993 
49.3 + 9.7 48.4 + 9.9 
0.59 + 0.11 0.56 + 0.12 





*Modified from reference 8. 
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APNEIC INTERVALS 


Fig. 1. Distribution of apneic intervals and perinatal outcome. Fetuses with poor outcomes are in 
shaded bars. Significant differences were noted at 45 and 60 minutes’ apnea (z tests). 


Table III. Pregnancy outcomes versus fetal breathing parameters 


All parameters 
Total group normal 


Patients (no.) 283 

Mean gestational age (wk) 36.7 + 3.3 
(mean + SD) 

Mean birth weight (gm) 3050 + 865 
(mean + SD) 

Perinatal deaths (n) 
Antepartum l 
Neonatal 3 

Intrapartum fetal distress (n) 40 

Umbilical artery pH <7.20 (n) 38 

5 min Apgar score <7 (n) 8 

IUGR (n) 27 

Primary cesarean section (n) 78 
Fetal distress 34 
Cephalopelvic disproportion 20 
Other 24 


*b < 0.001, ż test. 
tp < 0.0001, x’ test. 
tp < 0.01, x’ test. 


day of testing, and had profound asphyxia, as deter- 
mined by umbilical arterial blood gas values. 

The incidence of fetal breathing movements or per- 
cent of time spent in breathing was stratified from 0% 
(apnea) to >10% and then correlated with perinatal 
outcome. Significantly more fetuses with bad outcomes 
were apneic or had fetal breathing movement inci- 
dences <5% when compared with those with good out- 
comes (p < 0.05, z test) (Table IV). Similar analyses 
were conducted for breath rate and breath rate interval 
variability (Table V). There were no significant differ- 
ences for outcome groups when either parameter was 
evaluated. It was interesting to note that 18 (9.6%) nor- 
mal fetuses had tachypnea (mean breath rate >60 
breaths/min) and 15 (8%) normal fetuses had exag- 


One or more 
parameters abnormal 


193 90 
37.7 + 3.1 35.7 + 3.9* 
3176 + 897 2620 + 835* 
0 1 
j| 2 
13 27+ 
19 194 
3 5 
16 11 
54 24 
15 194 
19 lt 
20 4t 


gerated breath interval variability (coefficient of vari- 
ation of mean breath interval >0.75). 

The distribution of apneic intervals, ranging from 
15 to 60 minutes, is shown in Fig. 1. There were sig- 
nificantly more fetuses with apnea exceeding 45 min- 
utes in the group with poor perinatal outcomes. Only 
5 (2.7%) normal fetuses had apnea for 60 minutes, 
whereas 17 (17.7%) fetuses with poor outcomes had 60 
minutes of apnea. 

The diagnostic values of each of the individual 
breathing parameters are shown in Table VI. There 
were only 3 fetuses with poor outcomes who had more 
than one abnormal parameter, characterized as low fe- 
tal breathing movement incidence and breath interval 
variability and high breathing rate (tachypnea). Re- 
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Fig. 2. Receiver operating characteristic plots of fetal breath- 
ing parameters. ®, Percent time spent breathing; O, fetal breath 
rate; x, breath interval variability. 


Table IV. Percent time spent in breathing 
versus perinatal outcome 


Good Poor 
Percent time spent in breathing | outcome (n) | outcome (n) 


0 5 17 
0.1-1.5 10 ll 
1.6-2.9 8 5 
3.0-4.9 11 17 
5.0-9.9 15 4 

> 10 138 49 


ceiver operating characteristic plots for fetal breathing 
movement incidence. breathing rate, and breath rate 
interval variability are shown in Fig. 2. This curve sug- 
gests that the best diagnostic cutoff is associated with a 
fetal breathing movement incidence of <5%, whereas 
neither of the other two parameters closely approxi- 
mate an ideal line drawn through 100% sensitivity and 
a 0% false-positive rate. Table VII shows the diagnostic 
values of fetal breathing activity for the most commonly 
encountered clinical problems. Fig. 3 is a receiver op- 
erating characteristic plot for fetal breathing movement 
incidence <5% and outcomes of these pregnancies. 
These data suggest that the observations of fetal breath- 
ing movements might be mest useful in pregnancies 
complicated by chronic hypertension, although predic- 
tive errors, both positive and negative, were high in all 
clinical problem categories. 


Comment 


Boddy and Dawes,” in a study of 800 fetuses, sug- 
gested a possible role for the observation of fetal 


Feta! breathing and high-risk pregnancy 169 


SENSITIVITY 





100 


O 20 40 60 80 
FALSE POSITIVE RATE 


Fig. 3. Receiver operating characteristic plots of clinical prob- 
lems, as rated by fetal breathing movement incidence of <5%. 
PD, Postdates; HBP, chronic hypertension; P-E, preeclampsia; 
DM/A, diabetes Class A; DM/B-R, diabetes Classes B through 
R. 


Table V. Breath rate and breath interval 
variability versus perinatal outcome 


Good Poor 
outcome (n) outcome ‘n) 


Fetal breath rate (6 PM) 


<32.9 4 2 
33.0-59.9 165 86 
>60.0 18 8 


Coefficient of variation 
of breath interval 


<0.35 2 3 
0.36-0.75 170 9] 
2 


>0.76 15 


breathing movements in fetal assessment by noting that 
decreased fetal breathing activity was associated with a 
higher occurrence rate of IUGR and fetal distress. Both 
Trudinger et al." and Marsal'* subsequently supported 
these observations, although their study sessions were 
short (30 minutes) and used nonstandardized testing 
protocols and their diagnostic indices lacked sensitivity 
and predictive accuracy. Platt et al.!! reported that the 
absence of fetal breathing movements for 30 minutes 
identified fetuses at risk for LUGR, intrapartum dis- 
tress, and low 5-minute Apgar scores with a sensitivity 
of 50% to 70% and a false-positive rate as high as 50%. 
Several biophysical testing schemes later adopted an 
arditrary minimum standard for rating fetal breathing 
activity, 1.e., at least 30 seconds’ continuous breathing 
in a 30-minute interval.’® '° Review of these earlier at- 
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Table VI. Diagnostic values of breathing parameters 













Sensitivity 
Breathing parameter 





Percent breathing time 


0 (apnea = 60 min) F77 
<1.5 29.7 
<3.0 34.4 
<5.0 53.0 
<10.0 - 56.0 
Fetal breathing rate 12.5 
Breath interval variability 8.1 
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Positive Negative 
predictive predictive 
Specificity value value 
(%) (%) (7) 

















97.3 71.3 70.0 
92.0 65.1 71.7 
87.7 59.0 12.2 
83.2 59.5 77.0 
79.1 58.0 77.0 
88.2 35.3 66.3 
99.5 75.0 67.1 





Table VII. Common clinical problems and fetal breathing parameters 














Total 


Problem patients (N) 
Postdates 50 45 
IUGR 43 65 
Chronic 44 70 
hypertension 
Preeclampsia 20 33 
Diabetes, 27 60 
Class A 
Diabetes, 30 40 
Classes B-R 


tempts to utilize the observation of fetal breathing 
movements for fetal assessment shows that no rigorous 
efforts were made to quantify the parameters of fetal 
breathing activity or to obtain them under standardized 
testing conditions. Our previous study of computerized 
biophysical testing demonstrated that normal values for 
these fetal breathing movement parameters could be 
derived from observations made under uniform test 
conditions.® This study sought to determine whether 
precise quantification of fetal breathing movement pa- 
rameters could provide more accurate fetal prognoses 
when compared with the simple observation that fetal 
breathing movements were present or absent during 
test sessions. 

Our data show that, as an isolated index of fetal well- 
being, the observation of fetal breathing movements 
has limited usefulness. No individual breathing param- 
eter had a sensitivity >56%, whereas all had appreci- 
able false-positive and false-negative predictive errors 
(Table VI). Sixty-nine percent of fetuses with apnea 
lasting up to 30 minutes had normal outcomes, whereas 
apnea persisting >45 minutes was noted in only 40% 
of fetuses with abnormal outcomes. It 1s more impor- 
tant that we found that a minimum threshold for 
breathing incidence of 5% (time spent in breathing ac- 
tivity), equivalent to at least 90 seconds of continuous 
breathing in a 30-minute interval, was a superior cutoff 


Sensitivity 


















Positive Negative 
predictive predictive 
value value 


Specificity 
% 


87 50 85 
70 65 70 
80 74 76 
33 20 40 
86 50 91 
45 73 60 


point when compared with a breathing incidence of 
both 1.5% (30 seconds of continuous breathing) and 
3.0% (60 seconds of continuous breathing). Abnor- 
malities of breath rate, either tachypnea (rate >60 
breaths/min) or hypopnea (rate <33 breaths/min), 
were infrequent and occurred with nearly equal fre- 
quencies in both normal and compromised fetuses. 

Breath interval variability has been proposed by An- 
drews et al. as a possible index of fetal well-being. 
Whereas normal breathing activity is inherently irreg- 
ular,. our experience suggests that this parameter con- 
veys little promise for fetal assessment and had the 
lowest sensitivity of any of the fetal breathing move- 
ment parameters studied. 

Our study data raise the question of how either crude 
or quantified observations of fetal breathing activity 
might best be used for the evaluation of fetal status. 
On strictly pragmatic grounds, this biophysical param- 
eter is labile and may be affected by maternal environ- 
mental conditions, length of observation, and fetal bio- 
logic rhythms to a greater extent than the other dy- 
namic testing parameters, e.g., fetal heart rate patterns 
or body movement, used in testing schemes. Obtaining 
these data as precisely as possible places greater de- 
mands on the meticulousness of study conditions and 
observation techniques, thus limiting its applicability to 
sophisticated testing centers. | 
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We conclude that fetal breathing movements are 
physiologic phenomena that tend to retain normal in- 


cidences, rates, and variability after 32 weeks’ gestation | 


despité serious disturbances of intrauterine homeosta- 
sis. At best, observation of fetal breathing movement 
incidence could be considered for corroborating the 
results of fetal heart rate and body movement moni- 
toring but cannot be used as a primary indicator. of 
fetal well-being. The clinical conditions most likely to 
benefit by observation of fetal breathing activity 
are those reflecting long-term rather than short-term 
disturbances of the intrauterine environment, e.g., 
chronic maternal hypertension. 
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The preterm nonstress test: Effects of gestational age and 


length of study 


Ramon A. Castillo, MD, Lawrence D. Devoe, MD, Martha Arthur, RN, Nancy Searle, BA, 


William P. Metheny, PhD, and David A. Ruedrich, MD 


Augusta, Georgia 


The application of the nonstress test between 24 and 32 weeks’ gestation | has been limited by high rates 
of “false” nonreactivity in normal fetuses, by use of term criteria, and the lack of age- appropriate 
interpretative standards. To establish such standards, we studied 30 normal fetuses undergoing 90-minute 
fetal heart rate recordings at 2-week intervals from 24 to. 32 weeks’ gestational age. Using a specially 
programmed computer we quantified (1)-baseline fetal heart rate, (2) incidence of 10- and 15-beat 
accelerations, and (3) incidence of fetal heart rate decelerations. With a criterion of three 15-beat 
accelerations per 30 minutes 91% of tests were reactive within 90 minutes. A criterion of three 10-beat. 
accelerations per 30 minutes was associated with 100% reactivity within 60 minutes. Suitable interpretative 
criteria may be established for nonstress tests before 32 weeks’ gestation by extending the testing time or 
by decreasing the minimum amplitude required of fetal heart rate accelerations. (AM J OBSTET GYNECOL 


1989;160:172-5.) 


Key words: Preterm, nonstress, reactivity 


The nonstress test (NST) is widely used in the eval- 
uation of fetal risk at or near term. The gestational age 
at which the NST is first performed may depend on 
clinical indications for testing and neonatal risks. re- 
sulting from early obstetric intervention. Previous stud- 
ies have suggested that the NST may be applicable in 
preterm pregnancies.'* However, the usefulness of test- 
ing before 32 weeks’ gestation is undetermined due to 
the high reported rate of nonreactivity for normal fe- 
tuses in this gestational age range.*° Since many ma- 
ternal and fetal sources of intrauterine compromise 
begin before the, thirty-second week. of gestation and 
neonatal intensive care units now produce high survival 
rates for such preterm infants, it has become increas- 
ingly important to provide adequate methods of an- 
tepartum assessment for this population. The general 
purpose of this study therefore was to examine fetal 
heart rate (FHR) baseline parameters used in nonstress 
testing, derived from a group of normal preterm fe- 
tuses. The specific objectives of this study were to eval- 
uate the relationship of increasing gestational age and 
length of observation to the incidence of test nonreac- 
tivity as gauged by different criteria and the normal 
occurrence rate of FHR events used in test interpre- 
tation. Our ultimate goal was to determine whether 
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Table I. Summary of patient characteristics 
and outcomes | 


Patients (N) 30 
Mean age (yr) 23 
Parity 
Nulliparous 10 
Multiparous 20 
Gestational age at delivery 39 + 2:5 
(wk) (mean + SD) 
Fetal weight (gm) 3237 + 537 
(mean + SD) 
5 min Apgar score 8.9 + 1.2 
(mean + SD) 
Morbidity 
Maternal gr 
Neonatal 0 


*Three patients had mild preeclampsia. 


normal standards could be defined that would enable 
appropriate use of this modality across the preterm age 
spectrum. 


Patients and methods 

Between July 1, 1986, and May 30, 1987, 30 pregnant 
women were invited to participate in this study pro- 
tocol, approved by the institutional Human Assurance 
Committee. All subjects were receiving prenatal care at 
the Medical College of Georgia and had no identified 
medical or obstetric complications at the time of study. 
Gestational age of each pregnancy was deterniined by 
accurate menstrual dating, corroborated with an ultra- 
sonographic examination before the twentieth week of 
gestation. 

After informed consent had been obtained, each 
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Table II. Relationship between gestational age and study parameters examined during standardized 


90-minute test 


Gestational age 


Baseline FHR 142 + 5.9* 140 + 7.8% 
(beats/min) 

Accelerations (n) 
= 10 beats/min 34 + 17.6% 47 + 19.0% 
10-15 beats/min 23 + 12.4% 32 + 14.8 
> 15 beats/min LO + 6.6% 15 + 9.1* 

Decelerations, 10 9.5 + 4.6 8.9 + 4.4 
beats/min (n) l 

Signal loss (min) | 16.0 + 8.2* 11.9 + 5.2 


*p < 0.01, compared with the subsequent gestational age group. 


Table III. NST reactivity by gestational age* 





Reactive at 30 min 15 50.0 15 50.0 
Reactive at 60 min 6 20.0 1} 36.7 
Reactive at 90 min 2 6.7 ] 3:3 
Total reactive tests 93 76.6 27 90.0 
Total nonreactive tests fi 23.4 3 10.0 


Gestational age 


137 + 6.5* 136 + 6.3* 135 + 7.4 
54 + 19.2% 64 + 29.8 67 + 22.0 
33 + 13.7 39 + 12.8 32 + 13.0 
2] + 11.7" 32 + 153 34 + 195 
7.8 + 4.1 6.5 + 3.7 74+ 5.5 
9.8 + 5.9 7.2 + 4.0 8.1 + 5.7 








Cumulative 
% reactive 





83.3 24 80.0 28 93.3 71.3 
10.0 4 133 l 3.3 88.0 
0 l 3.3 l 3.3 91.3 
933 29 966 30 100 2 
6.7 l 3.4 0 0 = 


*Three accelerations of =15 beats/min for at least 15 seconds in any 30-minute window. 


study was performed in the antepartum FHR assess- 
ment laboratory 2 hours after breakfast, between 8 and 
11 AM. All tests were performed with the patient in 
semi-Fowler’s position; no smoking or physical activity 
was permitted during the preceding 2 hours. FHR re- 
cordings were made with a Hewlett Packard 8040A 
electronic monitor in the Doppler mode, which was 
interfaced with an IBM XT microcomputer (640K 
RAM). Proprietary software developed at the Medical 
College of Georgia® was used. _ 

Testing was begun at the twenty-fourth week of ges- 
tation and conducted every 2 weeks through the thirty- 
second week of gestation. Each test session lasted 90 
minutes and the following data were acquired and an- 
alyzed on the microcomputer in 30-minute segments: 
(1) mean baseline FHR, (2) number of FHR accelera- 
tions exceeding 10 and 15 beats/min and lasting at least 
15 seconds, (3) number of FHR decelerations exceed- 
ing 10 beats/min and lasting at least 15 seconds, and 
(4) signal loss time. 

Obstetric management was performed in a routine 
mariner, and the results of these testing sessions were 
not used as the basis for intervention. The data were 
analyzed statistically by analysis of variance with re- 
peated measures or x” tests, where appropriate, and a 
p value of <0.05 was considered significant. 


Results 


One hundred fifty FHR recordings of 90 minutes’ 
duration were obtained from the study patients. Signal 
loss averaged 10 minutes or 11.1% of the total record- 
ing time and was not statistically different among zhe 
gestational age categories after the twenty-fourth week, 
when it averaged 16 minutes or 17.8% of total record- 
ing time. Table I summarizes the obstetric character- 
istics of the study group. All mothers had normal preg- 
nancies at the time of study and were delivered of in- 
fants who were appropriate for gestational age and had 
5-minute Apgar scores >8. Three patients developed 
mild preeclampsia at term; two patients had sponta- 
neous preterm births at 35 and 36 weeks’ gestational 
age, respectively. 

Baseline FHR. Table II shows the relationship be- 
tween mean baseline FHR and gestational age during 
the 90-minute test. There was a significant decline in 
mean baseline FHR with increasing length of gestation, 
and the difference in mean baseline rate was significant 
at each gestational age interval. 

Incidence of FHR accelerations. Table II shows the 
mean total incidence of FHR accelerations exceeding - 
10 and 15 beats/min at each gestational age interval 
for the 90-minute observation period. A statistically sig- 
nificant increase in acceleration incidence at both 
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Table IV. NST reactivity by gestational age* 





Reactive at 30 ini 26 93.3 28 93.3 


Reactive at 60 min 0 0 2 6.7 
Reactive at 90 min 0 0 0 0 
Total reactive tests ` 28 93.3 30 100 
Total nonreactive tests 2 6.7 0 0 


Gestational age 


January 1989 
Am J] Obstet Gynecol 






28 wk 







Cumulative 
% reactive 





100 98 93.3 30 100 95.9 
0 9 6.7 0 0 98.6 
0 0 0 0 0 98.6 

100 30 100 30 100 = 


0 0 0 0 0 — 


*Three accelerations of =10 beats/min for at least 15 seconds in any 30-minute window. 


Table V. NST studies of preterm pregnancies (percentage of nonreactive tests) 





Bishop‘ 119 (low risk) 


Druzin ét al.? 


Smith et al.’ 25 (low risk) 


Gägnon etal 47 Studies 


thresholds occurred through the thirtieth week of ges- 
tation. This could be attributed largely to the significant 
increase in incidence of accelerations exceeding 15 
beats/min because the incidence of those between 10 
and 15 beats/min remained similar at each gestational 
age interval. | 

_ Incidence of FHR decelerations. The mean inci- 
dence of FHR decelerations exceeding 10 beats/min 
remained relatively constant for all gestational age 
ranges. in the study (Table II). 

. NST parameters. Applying our institutional thresh- 
old for NST reactivity (three accelerations, with am- 
plitude >15 beats/min and duration >15 seconds in 
30 minutes), the frequency of nonreactive tests declined 
frorn 50.0% at 24 weeks to 6.7% at 32 weeks, when the 
first 30.minutes of recording was examined (Table III). 
When the entire 90-minute period was evaluated, the 
cumulative percentages of nonreactive tests fell to 6.7 
and 3.3 at 24 and 32 weeks’ gestational age, respectively. 
These findings were not significantly different, al- 
though this trend suggests that both increasing gesta- 
tional age and length of observation could alter the 
incidence of nonreactive tests. 

In an attempt to reflect the contribution of lower- 
amplitude accelerations, i.e., 10 beats/min, to the NSTs 
that were typical of this preterm population, a new 
reactivity threshold was derived. It was found that 30- 
minute windows containing at least three accelerations 


Time observed 
Patients (N) Study criteria (min) 


5 accelerations, 10 beats/min 
8 (mixed risk) 2 accelerations, 15 beats/min 
2 accelerations, 15 beats/min 


2 accelerations, 15 beats/min 





Nonreactive tests by weeks’ gestation 





























30 24 26 28 30 32 
55% 40% 30% 10% 10% 
40 20-24 24-28 28-30 30-32 
71% 52% 25% 15% 
40 23-27 28-32 
83% 34% 
60 26-28 
65% 


exceeding 10 beats/min were present in all fetuses at 
or beyond 26 weeks’ gestation by the end of 60 minutes 
of continuous observation (Table IV). Test results in 
26 fetuses (87%) at 24 weeks would have been classified 
as reactive by 60 minutes of testing with this new cri- 
terion. This criterion resulted in a slight but insignifi- 
cant improvement in negative predictive value when 
compared with the 15-beat acceleration threshold re- 
flected in Table III. 


Comment 


The prognosis of significantly preterm infants, de- 
livered before 32 weeks’ gestation, has improved 
greatly during the past decade.’ The current perfor- 
mance of neonatal intensive care nurseries has there- 
fore prompted obstetricians to begin antenatal assess- 
ment as early as 24 to 26 weeks’ gestation in selected 
cases. However, previous studies have demonstrated 
that, whereas NSTs can be performed earlier in the 
third trimester of pregnancy," the application of “stan- 
dard” nonreactivity thresholds (Table V) results in a 
high percentage of falsely abnormal tests, which could 
possibly lead to misclassification of normal fetuses. 
Thus the routine use of the NST before 32 weeks would 
present diagnostic problems, regardless of the differing 
reactivity criteria used. 

This study was intended not only to determine 
whether gestational age might affect the parameters 
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used in NST interpretation before 32 weeks but also 
to assess the impact cf observation length and accel- 
eration amplitude threshold on test classification. It was 
apparent from the studies previously cited that NST 
criteria developed from near-term populations were 
inappropriate for normal preterm fetuses and that test 
interpretation in this group required the establishment 
of gestational age-related normative standards. The 
investigation was aided by the use of a proprietary soft- 
ware program, which not only eliminated observer bias 
effects but also provided an accurate means of detecting 
lower-amplitude alterations in baseline FHR.’ Further- 
more, study conditions were rigorously standardized so 
that any differences among the serial tests of individual 
fetuses or age-related groups would most liklely reflect 
the impact of gestational age or observation length 
rather than study methods. This study differs from 
those previously reported in these two significant as- 
pects as well as the time allotted for FHR recordings. 

As Natale et al.® observed, there appears to be a mat- 
urational effect on both baseline FHR and acceleration 
amplitude during the 24- to 32-week interval. Whereas 
the progressive decline in mean baseline FHR was sta- 
tistically significant, its clinical relevance is somewhat 
questionable as the mean rate fell only 7 beats/min over 
this time frame. More important to NST interpretation 
were the observations that mean 15-beat acceleration 
incidence increased significantly from 24 to 32 weeks 
and that increasing the study duration from 30 to 90 
minutes enabled the great majority (more than 90%) 
of fetuses to exceed minimum reactivity thresholds as 
early as the twenty-sixth week of gestation. Conversely, 
adapting reactivity thresholds to accommodate lower 
amplitude accelerations, as suggested by Gagnon et al.,° 
would increase the likelihood of detecting “normal” 
fetal reactivity before 32 weeks. Such a modified thresh- 
old allowed accurate classification of all normal fetuses 
at or beyond the twenty-sixth week within 60 minutes 
of test initiation. 

Our study methods do impose some limitations for 
applications in other testing environments. Among 
these is the need for accurate detection of low- 
amplitude FHR events, a problem commonly encoun- 
tered with visual interpretation because artifacts can be 
produced by things such as maternal movements and 
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lack of an autocorrelation system in the FHR monitor. 
This issue is probably best addressed with computer 
assistance and requirement of an increased length of 
observation to accommodate the normal FHR patterns 
of younger fetuses. Barring the availability of computer 
technology, the use of reactivity criteria including only 
those accelerations exceeding 15 beats/min is recom- 
mended. This cutoff point can form the basis for sat- 
isfactory test interpretation in the majority of fetuses 
at or beyond 26 weeks if it is feasible to extend the 
length of each testing session for as long as 90 minutes. 
This finding is similar to that of our previous study on 
extending the length of NSTs in term fetuses.? Our 
findings also support the concept proposed by Visser 
et al.'° that biologic cycles in fetal behavior are impor- 
tant factors that should not be ignored in any testing 
environment. Such time-dependent episodes of FHR 
alterations are probably operative in the preterm pop- 
ulation, although more data will be required to establish 
their normal range of occurrence. 


REFERENCES 


l. Devoe LD. Antepartum fetal heart rate testing in preterm 
pregnancy. Obstet Gynecol 1982;60:431. 

2. Druzin ML, Fox A, Kogut E, Carlson C. The relationship 
of the nonstress test to gestational age. AM J OBSTET GYNE- 
COL 1985;153:386. 

3. Smith CV, Phelan JP, Paul RH. A prospective analysis of 
the influence of gestational age on the baseline fetal heart 
rate and reactivity in a low-risk population. AM J OBSTET 
GYNECOL 1985;153:780. 

4. Bishop EH. Fetal acceleration test. AM J OBSTET GYNECOL 
1981;141:905. 

5. Gagnon RG, Campbell K, Hunse C, Patrick J. Patterns of 
human fetal heart rate accelerations from 26 weeks to 
term. AM J OBSTET GYNECOL 1987;157:743. 

6. Searle J, Devoe LD, Phillips M, Searle N. Computerized 
analysis of resting fetal heart rate tracings. Obstet Gynecol 
(In press). : 

7. Gerdes JS, Abbasi S, Bhutani VK, Bowen FW Jr. Im- 
proved survival and short-term outcome of inborn “mi- 
cropremies.” Clin Pediatr 1986;25:391. 

8. Natale R, Nasello C, Turliuk R. The relationship between 
movements and accelerations in fetal heart rate at twenty- 
four to thirty-two weeks’ gestation. AM J OBSTET GYNECOL 
1984;148:591. 

9. Devoe LD, McKenzie J, Searle NS, Sherline DM. Clinical 
sequelae of the extended nonstress test. AM J] OBSTET 
GYNECOL 1985;151:1074. 

10. Visser GHA, Goodman JDS, Levine DH, Dawes GS. Diur- 
nal and other cyclic variations in human fetal heart rate 
near term. AM J] OBSTET GYNECOL 1982;142:535. 


Effects of estrogen on urethral function in women with 


urinary incontinence 


Narender N. Bhatia, MD, Arieh Bergman, MD, and Mickey M. Karram, MD 


Los Angeles, California 


In a prospective study, 2 gm of conjugated estrogen vaginal cream was administered daily for a total of 6 
weeks in a group of 11 postmenopausal women with urodynamically proved genuine stress incontinence. 
Midurethral cytologic studies and a complete clinical and urodynamic evaluation were performed twice at 
6-week intervals. Clinically, six of the 11 patients (64.5%) were cured or improved significantly after 
estrogen treatment, whereas the other five patients (45.5%) were clinically unchanged. The favorable 
clinical response correlated with urodynamic findings of increased urethral closure pressure and improved 
abdominal pressure transmission to the proximal urethra (p < 0.05); in the patients who had a poor 
clinical response to estrogens, no significant changes in urethral dynamics were noted. Changes in 
urethral cytologic findings also correlated well with clinical and urodynamic findings. Patients with a 
favorable response to estrogen showed a maturation change from transitional to intermediate squamous 
epithelium (p < 0.02), whereas nonresponders showed no significant changes in urethral cells. (Am J 


Osstet GYNECOL 1989;160:176-81.) 


Key words: Estrogen, stress incontinence, urethral cytology 


Itis known that genuine stress incontinence can com- 
monly appear or worsen during the postmenopausal 
years.' The urethral mucosa, which is important in cre- 
ating a urethral seal,’ decreases in thickness and atro- 
phies along with other estrogen-sensitive tissues after 
menopause. The close relationship between the struc- 
tural and embryologic development of the female ure- 
thra and vagina was first commented on by Parkes 
and Zukerman.* + In animal models, Parkes and 
Zukerman* * demonstrated estrogen sensitivity of the 
tissues originating from the urogenital sinus. 

The administration of estrogen to postmenopausal 
women has been shown to increase urethral pressure,” 
probably because of an estrogen effect on urethral mu- 
cosal thickness and blood vessel engorgement, which 
in turn constitute the “urethral softness factor.”* 7° 
Clinically it has been shown that certain postmeno- 
pausal women will report subjective improvement in 
the symptom of stress incontinence after estrogen 
treatment.’ 

The aims of the present study are to correlate clinical, 
urodynamic, and cytologic effects of estrogens, when 
applied vaginally, in women with a diagnosis of genuine 
stress incontinence. 
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Patients and methods 


The patient group consisted of 11 postmenopausal 
women with a mean age of 56 years (range 46 to 65) 
and a mean parity of 4 (range 1 to 13). All patients 
were referred to the Gynecologic Urology clinic and 
the diagnosis of genuine stress urinary incontinence 
was confirmed by both clinical and urodynamic means. 
Patients with bladder instability, urethral diverticula, or 
urethral syndrome were excluded from the study. 
None of the patients were receiving hormonal replace- 
ment therapy before being enrolled in the study. Four 
patients had previous operations for incontinence (two 
had anterior colporrhaphy and two had retropubic ure- 
thropexy). 

All patients underwent a history and physical ex- 
amination, urine culture, cotton swab test, cytoure- 
throscopy, standing provocative water urethrocystom- 
etry, and static and dynamic urethral pressure profiles. 
For a patient to be given the diagnosis of genuine stress 
incontinence it was mandatory that there be direct vi- 
sualization of loss of urine from the urethra during 
coughing, with urodynamic evidence of pressure equal- 
ization between the bladder and urethra, in the absence 
of any bladder contraction. 

Urodynamic evaluation was performed with two 
small semiflexible pressure microtransducers (models 
PC 380 and PC 771, Millar Instruments, Inc., Houston, 
Tex.). One catheter, size 7F, with a single transducer, 
was used for abdominal pressure measurement (ap- 
proximated from vaginal pressures), and the second 8F 
catheter, with two microtransducers 6 cm apart, was 
used for concomitant bladder and urethral pressure 
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Table I. Effect of vaginal application of Premarin cream on circulating levels of estrone and estradiol in 
11 patients with genuine stress incontinence 





Before treatment 





Estrone (pg/ml) 19.8 
Estradiol (pg/ml) 12.1 


It I+ 


pæ 
O wo 


Values are mean + SD. 
*p < 0.01 by paired ¢ test. 






Favorable Poor Favorable 
response response response 


After 6 wk of treatment 






Poor 


response 
1.8 70.2 + 14.3* 72.4 + 17* 
1.3 23.1 + 6* 22.1 + 4.2* 


Table II. Urethral closure pressure in 11 women with genuine stress incontinence before and after 6 
weeks of therapy 












Supine position, 





Sitting position, 






empty bladder full bladder 
Before After Before After 
treatment , treatment treatment treatment 
Favorable response 54 + 30.9 59.2 + 32.6% 53.8 + 20.7 66.2 + 18.64 
(n = 6) (cm H,O) 
Poor response 57.1 + 34.3 58.6 + 31.6% 52.7 + 27.8 53.6 + 3.19% 


(n = 5) (cm H,O) 


Values are mean + SD. 
*No change of statistical significance, by paired £ test. 
tp < 0.05 by paired ż test (two-tailed). 


recording. True detrusor (intravesical minus intraab- 
dominal) and urethral closure (intraurethral minus in- 
travesical) pressures were measured by electronic sub- 
traction. Pressures were recorded on an eight-channel 
electrophysiologic recorder (model R-612, Beckman 
Instruments, Inc., Schiller Park, Ill.). Urethral pressure 
profiles were measured by slowly withdrawing the mi- 
crotransducer along the urethra, at a constant speed of 
I mm/sec, with a mechanical puller (type 21 H 02 pro- 
filometer, Disa Electronics, Allendale, N.J.). Urethral 
pressure profiles were measured at rest (rest profile) 
and repeated during continuous coughing (cough pro- 
file). The urethral profiles were performed in the su- 
pine position with 150 ml of saline solution in the blad- 
der. The abdominal pressure transmission ratio to the 
urethra was calculated as a/b X 100 where a is the ure- 
thral pressure increase during cough and b is the in- 
travesical pressure increase during the same cough. 
Pressure transmission ratios were calculated at three 
equidistant points along the urethral functional length. 

After clinical and urodynamic evaluations, all pa- 
tients were given estrogen vaginal cream (Premarin, 
Ayerst Laboratories), 2 gm (half an applicator) daily at 
bedtime. To ensure patient compliance in the admin- 


istration of estrogen, blood samples were obtained be- . 


fore and after the completion of therapy. Clinical and 


urodynamic evaluations were repeated after 6 weeks of 
therapy. 

Specimens for urethral cytologic studies were ob- 
tzined from all patients after each urodynamic evalu- 
ation. With the use of a 22F urethroscope, the mid- 
urethra was identified. A thin curette was introduced 
through the scope and all four urethral walls were 
scraped. Slides were prepared for cytologic study from 
the curetted material, immersed in alcohol, and stained 
with Papanicolaou’s stain.'® Two hundred cells were 
counted in each randomly chosen high-power magni- 
fication field. Six high-power fields were evaluted and 
means were calculated. Three types of cells were iden- 
tified: transitional cells, intermediate squamous cells, 
and superficial squamous cells. Ratios of these three 
cell types were given in percentages. No basal cr pa- 
rabasal squamous cells could be identified in any of the 
scrapings. 

Except when indicated, all terminology conforms to 
that proposed by the International Continence Soci- 
ety.'! Student’s £ test for paired data was used fcr sta- 
tistical analysis. 


Results 


The use of conjugated estrogen vaginal cream re- 
sulted in a twofold increase in circulating levels of es- 
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Favorable Response Group (N= 6) Favorable Response Group (N= 6) 
Proximal Urethra. Middle Urethra Distal Urethra Proximal Urethra Middle Urethra Distal Urethra 
120 p <.05 120 p <.05 


100 
100 NS 
80 80 
60 60 NS 
40 40 
0 0 
Poor S e (N=5) NS 


Poor Response as (N= 5) 


Abdominal Pressure Transmission Ratio (%) 
Abdominal Pressure Transmission Ratio (%) 


100 100 
80 80 
60 60 
40 È 40 
0 O 
Z BEFORE TREATMENT (_] AFTER TREATMENT VA BEFORE TREATMENT  (_] AFTER TREATMENT 
Fig. 1. Abdominal pressure transmission ratio (percent) to Fig. 2. Abdominal pressure transmission ratio (percent) to 
proximal middle, and distal urethra in supine position before proximal, middle, and distal urethra in sitting position before 
and after vaginal estrogen treatment. - and after vaginal estrogen treatment. 


Table III. Urethral functional length in 11 women with stress urinary incontinence, before and after 6 
weeks of estrogen therapy 










Supine position, Sitting position, 
_ empty bladder full bladder 
Before After Before 
treatment treatment treatment 


After 
treatment 







Favorable response 3 + 0.9* 2.7 + 0.8* 
(n = 6) (cm) 

Poor response 2:9: 2:°0.5 2.8 + 0:6" 2l 0G 2.3 + 0.9* 
(n = 5) (cm) 


Values are mean + SD. 
*No change of statistical significance, by paired ¢ test. 


Table IV. Urethral cytologic findings before and during estrogen therapy 












Intermediate 


cells (%) 


Transitional 


cells (%) 






Superficial 
cells (%) 





Favorable response O+ 16 + 6* ll 
(n = 6) l 
Poor response 48 + 17 40 + 12¢ 48 + 16 51 + 18¢ 4+7 9 + 104 
(n = 5) | 
Values are mean + SD. 
*h < 0.02 by paired ¢ test (two-tailed). 
tp < 0.05 by paired ¢ test (two-tailed). 
No change of statistical significance. 
tradiol and a threefold increase in estrone levels (Ta- however, the remaining five patients in the group 
ble I). treated with estrogen denied any improvement. 
Clinically, six of the 11 patients receiving estrogens _ There was a statistically significant increase in ure- 
had subjective improvement or cure of incontinence thral closure pressures in the sitting position in the 


(five totally continent and one significantly improved); group of patients treated with estrogen who had sub- 
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Fig. 3. Urethral cytologic findings in a patient with good clinical response to estrogen. Note tran- 
sitional cells before treatment (A) replaced by squamous epithelial cells after treatment (B). (Original 
magnification x 400.) (Inflammatory cells were not counted.) 


jective improvement or cure of incontinence. No sig- 
nificant change in urethral closure pressure was noted 
in women who clinically responded poorly to estrogen 
treatment (Table H). There was no significant change 
in urethral functional length in any of the groups tested 
(Table HI). 

There was a statistically significant increase in ab- 
dominal pressure transmission to the proximal urethra 
during cough pressure profiles in both the supine and 
sitting positions in patients who were improved or 
cured after estrogen therapy, whereas there was no 
change in pressure transmission to the mid or distal 
urethra, None of the patients in the group having poor 
clinical response had any significant change in ab- 
dominal pressure transmission to the urethra (Figs. 1 
and 2). 

Clinical and urodynamic findings correlated well with 





urethral cytologic findings (Table IV). The number of 
urethral transitional cells at the midurethra decreased 
significantly after estrogen treatment in women who 
responded favorably, and increased numbers of inter- 
mediate and squamous cells were noted (Table IV, Fig. 
3). There was no significant change in the proportion 
of the different types of cells in the poor response 
group (Table IV, Fig. 4). 


Comment 


The urethra and distal vagina have a common em- 
bryologic origin (the urogenital sinus) and thus are sub- 


ject to similar hormonal effects’? It-has been demon- 


strated, in both animals and humans, that estrogen re- 
ceptors are present in the urethra in a concentration 
similar to that of the vagina.’*"’ Clinically, 55% of the 
women in this series reported significant subjective im- 
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Fig. 4. Urethral cytologic findings in a patient with poor clinical response to estrogen. Note high 
percentage of transitional cells both before (A) and after (B) treatment. (Original magnification 


x 400.) 


provement of continence after estrogen therapy. These 
results are in agreement with those noted by previous 
investigators.” '” '° 

A favorable clinical response to estrogen therapy for 
genuine stress incontinence was achieved with no sig- 
nificant change in urethral functional length, but with 
a significant increase in urethral closure pressure. 
These changes in urethral static parameters are similar 
to urodynamic findings after successful surgical cor- 
rection of this condition.'”'* Static urodynamic urethral 
functions are less important in evaluating stress incon- 
tinence than the dynamic functions. The mechanism 
behind the surgical cure of genuine stress incontinence 
is improved abdominal pressure transmission to the 
proximal urethra during stress.'" * Patients in our se- 
ries who had a favorable clinical response to estrogen 
had a significant increase of abdominal pressure trans- 


mission to the proximal third of the urethra. This cru- 
cial effect in curing stress incontinence could not be 
demonstrated in women who had a poor clinical re- 
sponse to estrogens. The improved pressure transmis- 
sion that occurs after estrogen therapy is probably due 
to extraurethral factors such as improved pelvic floor 
functions.’ 

Estrogen affects urethral cells by influencing growth 
and maturation of squamous epithelium, a mechanism 
similar to that seen in the vagina. The lack of basal and 
parabasal squamous cells seen in this study probably 
reflects the depth of urethral scraping. Because no an- 
esthesia was used, aggressive urethral sampling could 
not be performed. A favorable estrogen effect was 
achieved either by a process of squamous metaplasia in 
which transitional epithelium was transformed to squa- 
mous epithelium or simply by growth and proliferation 


S's 
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of squamous epithelium covering the transitional epi- 
thelium (Fig. 3). Other studies have demonstrated mat- 
uration of squamous epithelium, after estrogen treat- 
ment, with no detection of transitional epithelium.” 
Specimens from these studies were randomly obtained 
urethral smears with a cotton swab. In the present study 
all samples were taken from the midurethra with a 
sharp instrument. The lack of similar cytologic findings 
(Fig. 4) in women with a poor response after receiving 
estrogen could possibly represent decreased estrogen 
receptors in the urethral mucosa. This question is, how- 
ever, unanswered by the present study and could be a 
subject for further investigation. 

In conclusion, a daily application of 2 gm of Premarin 
vaginal cream significantly improved or cured symp- 
toms of genuine stress incontinence in >50% of pa- 
tients. Results correlated with urodynamic findings of 
significant increases in urethral closure pressures and 
improved abdominal pressure transmission to the 
proximal urethra during coughing. These clinical and 
urodynamic findings also showed good correlation with 
changes in urethral cells as evidenced by replacement 
of transitional epithelium by a more mature squamous 
epithelium, whereas patients in the control group and 
those who had a poor clinical response to estrogen ther- 
apy (45%) did not demonstrate any significant change 
in urodynamic or cytologic findings. 

Our results suggest that estrogen therapy relieves the 
symptoms of stress incontinence through proliferation 
and growth of the urethral mucosa and thus has a pos- 
itive effect on the “urethral softness factor.” Increased 
tissue tension and urethral pressure, along with im- 
proved pressure transmission to the proximal urethra, 
play an important role in the correction of genuine 
stress incontinence. 
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Comparison of ultrasound and lateral chain urethrocystography 


in the determination of bladder neck descent 


David Gordon, MD, Malcolm Pearce, FRCS, MRCOG, Peggy Norton, MD, and 


Stuart L. Stanton, FRCS, FRCOG 
London, England 


Several methods exist to determine the position of the bladder neck, an important mechanism of urinary 
continence. Radiologic screening is widespread but involves irradiation and may be imprecise. We 
compared perineal ultrasound scanning and radiologic scanning of the bladder neck by use of a chain and 
catheter and found good correlation between the two techniques. Ultrasound scanning is preferred, as it 
avoids irradiation, is accurate, is portable, and is readily available in most gynecologic departments. (Am J 


Osstet GYNECOL 1989;160:182-5.) 


Key words: Urinary incontinence, bladder neck, ultrasound, radiology 


The position in the pelvis of the bladder neck relative 
to the bladder is an important factor in the mechanism 
of urinary continence. Because results of the clinical 


examination may be misleading,’ several other ways of 


measuring bladder position have been developed. Lat- 
eral straining bead chain urethrocystography allows ra- 
diologic visualization of the bladder base, bladder neck, 
and proximal urethra.’ Radiologic screening at video- 
cystourethrography in the lateral rather than oblique 
position will also indicate bladder neck position, al- 
though it may be difficult to accurately idenufy it unless 
it is open and a portion of the proximal urethra is seen. 
Radiologic methods have the disadvantage of irradia- 
tion, and caution must be exercised with its use in the 
latter half of the menstrual cycle. Ultrasound has been 
suggested as an alternative source of imaging.” * Ultra- 
sound is a relatively underexplored method of imaging 
for bladder studies, although it is accurate, devoid of 
risks of irradiation, and is in widespread use by gyne- 
cologists for imaging purposes. It is because of these 
advantages that we designed a study to compare and 
contrast radiologic screening with perineal ultrasound 
scanning by use of a lateral chain or a catheter to de- 
termine the position and mobility of the bladder neck. 


Material and methods 


Twenty-one women gave informed consent to par- 
ticipate in the study. These patients had stress incon- 
tinence and were undergoing standard urodynamic 
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Fig. 1. Ultrasound image with Foley catheter in bladder. B, 
Catheter balloon; 6, bladder; n, bladder neck; s, symphysis 
pubis; u, catheter in urethra. Arrow points out urethral cath- 
eter at bladder neck. 


studies that included twin-channel subtracted cysto- 
metry or videocystourethrography and lateral chain 
cystourethrography. Mean age was 56.9 years (range 
31 to 79 years) and mean weight was 74.6 kg (range 59 
to 93 kg). Three were nulliparous and 10 had three or 
more children. Seven had had previous bladder neck 
surgery for urinary incontinence. Twelve had a slight 
and two had a marked cystocele. 
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Fig. 2. Ultrasound image with bead chain in bladder. 6, Blad- 
der; n, bladder neck (arrow), s. sy mphysis pubis; u, bead chain 
in urethra. 


A 14F gauge Foley catheter was introduced into the 
bladder and the balloon was inflated with 5 ml of nor- 
mal saline soluuon. Two hundred and fifty milliliters 
of normal saline solution at room temperature was used 
to fill the bladder. A linear array ultrasound scanning 
machine (Kretztechnik [Zipf, Austria] Combison 320 
with a 3.5 MHz transducer head) was used to scan the 
perineum according to the technique of Kohorn et al.' 
Ultrasound lubricating jelly was applied liberally to the 
vulva and the transducer was placed on the vulva in a 
sagittal orientation to obtain views of the bladder, blad- 
der neck, urethra, and pubis. The bladder neck was 
scanned with the patient supine and at rest and during 
a Valsalva maneuver and results were recorded on vid- 
eotape. Descent of the bladder, bladder neck, and ure- 
thra was measured three times by calipers on the screen 
and the mean was calculated (Fig. 1). The catheter was 
then replaced by a chain and the study was repeated 
with normal! saline solution sull in the bladder ( Fig. 2). 
Finally, with a chain in place, the bladder was emptied 
and refilled with 250 ml of 30% Urografin 150 (Scher- 
ing Ltd., Burgess Hill, West Sussex, England) and the 
patient was screened in the erect lateral position. A 
radiograph was taken at rest and then with the patient 
performing a Valsalva maneuver. 

The distance of descent of the bladder neck was cal- 
culated from these two x-ray films by an observer who 
was not aware of the ultrasound findings. Descent was 
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Fig. 3. Lateral chain urethrocystogram shows landmarks for 
calculation of bladder neck descent. 


measured by subtracting the distance from the sym- 
physis pubis to the bladder neck at rest from a similar 
distance on straining (Fig. 3). The measurement was 
multiplied by a factor of 0.75 to allow for projection. 

The correlation coefficient (r) was derived for the 
descent of the bladder neck as measured on the lateral 
chain cystogram and was compared with measurement 
of descent by ultrasound with either chain or catheter 
marking on the bladder neck. The coefficient of de- 
termination (7) then becomes a measure of the reli- 
ability of the ultrasound method compared with the 
x-ray lateral chain results as the gold standard. 


Results 


Descent (in millimeters) of the bladder neck deter- 
mined by ultrasound chain or catheter and by chain 
urethrocystography is listed in Table I. Good correla- 
tion was obtained between ultrasound and chain ur- 
ethrocystogram results. There were no significant dif- 
ferences in favor of either the ultrasound chain or ul- 
trasound catheter as a means of localizing the bladder 
neck, 

Fig. 4 shows the correlation between the chain cys- 
togram and ultrasound method with the catheter. The 
coefficient of determination was 0.73 (99% confidence 
limits 0.565 to 0.954). Fig. 5 shows the correlation be- 
tween the lateral chain cystogram and the ultrasound 
method with the chain. The coefficient of determina- 
tion was 0.81 (99% confidence limits 0.653 to 0.965). 


Comment 


This is the first report to compare ultrasound and 
radiologic methods for measuring excursion of the 
bladder neck. Ultrasound scanning allows clear deter- 
mination of the position and resultant excursion of the 
bladder neck. The technique is not difficult to learn 
and any ultrasound machine that involves a linear 
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Fig. 4. Bladder neck descent measured by ultrasound with catheter in bladder versus descent mea- 


sured by bead chain urethrocystography. 
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Fig. 5. Bladder neck descent measured by ultrasound with bead chain in bladder versus descent 


measured by bead chain urethrocystography. 


probe is suitable. Localization of the bladder neck and 
interpretation of the scan is also not difficult to master. 
A rectal probe has been used by Brown et al.,’ Nishi- 


zawa et al.” and Perkash and Friedland. The size of 


the rectal probe produced discomfort in some patients 
and may have limited movement of the bladder neck. 
Furthermore, the probe itself may have been moved 
by the Valsalva maneuver. Similar reservations apply to 
a vaginal probe concerning its size, patient acceptability, 
likelihood of vaginal discomfort, and interference with 
bladder and urethral movements. Perineal scanning 
overcomes these disadvantages. There were no com- 
plications in our series with this method and it has been 
quite acceptable to patients. The presence of a cystocele 


did not interfere with visualization in either the study 
by Kohorn et al.’ or the work presented here. Indeed, 
the former commented on the satisfactory visualization 
of the cystocele and vaginal vault. 

The disadvantages of radiologic scanning include 
dose of radiation to the patient’s gonads in two radio- 
graphic exposures (1.6 mGy). Ultrasound has the fa- 
cility of greater accuracy of measurement, as the final 
image can be selected on screen, held, and then directly 
measured. In contrast, after preliminary radiographic 
screening, an x-ray film is made and measurements are 
read from this. The final measurement is then calcu- 
lated based on the same projection factor for each pa- 
tient, irrespective of the size of the patient. We cannot 
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Table I. Descent of bladder neck in millimeters as determined by lateral chain urethrocystography, 
ultrasound with a catheter in the bladder, and ultrasound with a bead chain in the bladder 






Patient No. 


l 8 
2 9.7 
3 25.5 
4 14.2 
5 15 
6 18.7 
7 12 
8 9.7 
9 6.7 
10 9.7 
ll 18 
12 15 
13 15 
14 5.2 
15 10.5 
16 11.2 
17 30 
18 31 
19 13.5 
20 28 
21 12.7 


US, Ultrasound. 


explain the large discrepancy in measurements between 
chain and ultrasound techniques in cases 17 and 18; 
they were not associated with a cystourethrocele. The 
discrepancy may be a true reflection of error due to 
projection of the x-ray films. The quality of x-ray films 
and penetration of rays are also affected by the body 
mass of the patient. 

Finally, as many gynecologic departments have their 
own ultrasound apparatus, access is far more readily 
obtainable than is access to x-ray equipment. Ultra- 
sound is more portable and has greater patient ac- 
ceptability than radiologic screening equipment. 

In theory, comparison of ultrasound and radiologic 
measurements may have been more complete had we 
scanned the patient in the erect position. However, this 
would have been technically more difficult and there 
is no evidence that different forces would have been 
present during a Valsalva maneuver with the patient 
supine or erect. A more accurate determination of in- 
traabdominal force could have been obtained by re- 
cording intrarectal pressure during these maneuvers 
and standardizing the varying down-pressures, but 
this would have increased the invasiveness of both 
procedures. 

Application of these techniques relates to one of the 
aims of continent bladder surgery: to elevate the blad- 
der neck as far as possible within the pelvis. Conversely, 


Chain 
urethrocystogram 





US with catheter US with chain 
in bladder in bladder 
9.5 12 
9.3 10.3 

22 20 
14.2 12.5 
15 15 
16.5 16.5 
14.2 14 
13.5 13.5 
9.3 9 
13 14 
10.3 11.5 
12.2 12.2 
16.7 14 
8.2 7 
11.7 11 
11.7 10.7 
20.3 20.3 
18.3 21.3 
9.3 1] 
22.7 22.3 


failure of adequate bladder neck elevation is a factor 
leading to recurrent genuine stress incontinence after 
surgery. Thus the ability to measure objectively the de- 
scent of the bladder neck before or after surgery is 
important. This fact can be utilized in determining 
which procedure to use to cure incontinence. 

It would seem from these results that there are many 
advantages to using ultrasound and either a catheter 
or a chain to delineate the bladder neck. The presence 
of the inflated balloon did not appear detrimental to 
ultrasound measurement and this may be preferred, 
as it is more easily retained than the chain. 
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Unusual urethral diverticulum lined by colonic epithelium with 


Paneth cell metaplasia 


Ted R. Niemiec, MD, Lane J. Mercer, MD, Janet K. Stephens, MD, PhD, and 


Samir N. Hajj, MD 
Chicago, Illinois 


Diverticulum of the female urethra has an incidence of 1.4% to 4.7%. It is generally agreed that the 
majority of these are acquired lesions. There is, however, evidence that some are of congenital origin. 
Documented cases of diverticula with colon-type tissue are rare. A case of urethral diverticulum with 
colonic epithelium and features of Paneth cell metaplasia is presented. Causes, symptoms, diagnostic 
methods, and treatment are discussed. (Am J OssteT GyNecoL 1989;160:186-8.) 


Key words: Urethral diverticulum, female urethra, congenital diverticulum, cloacogenic rest, 


embryonic rest 


The exact incidence of urethral diverticulum in 
women is unknown. The condition has been diagnosed 
in 1.4% of a series of patients undergoing evaluation 
for urinary problems, whereas positive-pressure ure- 
thrography identified urethral diverticulum in as much 
as 4.7% of a series of female patients without urinary 
problems. The cause of the lesion is similarly unknown, 
but it is generally agreed that the vast majority are 
acquired.' The following report illustrates a distinctly 
unusual type of diverticulum. 


Case report 

A 34-year-old black woman, gravida 7, para 1, aborta 
6, presented to the gynecology clinic; she reported ur- 
gency and loss of urine when she coughed or sneezed, 
for 2 months. She also noted a sensation of vaginal 
pressure for 1 month. She was repeatedly treated for 
urinary tract infections during this time but continued 
to have urinary symptoms. 

The patient denied any history of medical problems. 
She had one vaginal delivery at 8 months’ gestation and 
had six terminations of pregnancy. She used no con- 
traception. Physical examination was remarkable for a 
3 cm fluctuant mass in the proximal suburethral area, 
near the urethrovesical junction. A 1.5 cm cystic mass 
was also noted at the | o'clock position of the vagina, 
near the introitus. Urine culture was negative. 

Excision of both masses was performed while the 
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patient was under general anesthesia. The diverticular 
ostium was closed with chromic catgut in layers, Peri- 
operative antibiotics were used and a Foley catheter 
remained in place during the immediate postoperative 
period. The patient's course has subsequently been ex- 
cellent. 

Pathologic examination revealed that the distal vag- 
inal cyst was a mucous cyst. The urethral diverticulum 
consisted of fibromuscular tissue lined by colonic epi- 
thelium with Paneth cell metaplasia (Fig. 1). This di- 
verticulum is believed to be of cloacal origin. 


Comment 


Among the postulated causes of urethral diverticula 
are urethral trauma, rupture of paraurethral abscesses, 
rupture of blood cysts, urethral calculus, urethral stric- 
ture, and scar tissue traction. Most of these diverticula 
are considered to be acquired via infection and obstruc- 
tion of the periurethral glands, with subsequent for- 
mation of cysts that rupture into the urethral lumen.' 
Potential congenital causes include Gartner's ducts, 
faulty union of primal folds, cell rests, miillerian rem- 
nants, and congenital dilatation of paraurethral ducts. 
There are, in fact, physicians who believe that the ma- 
jority of urethral diverticula are congenital and gen- 
erally become symptomatic only if infected. 

The average age at diagnosis of urethral diverticu- 
lum is in the range of 35 to 40 years. Symptoms include 
frequency, dysuria, urgency, recurrent cystitis, post- 
micturitional dribbling, dyspareunia, stress inconu- 
nence, pain, and hematuria." * Approximately 2% to 
10% of patients are asymptomatic. 

Important physical findings in the majority of cases 
are the presence of a suburethral mass and the expres- 
sion of urine or pus from the urethra. Urethral ten- 
derness is also common.’ These signs may often be 
noted by the patient before diagnosis. 
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Fig. 1. A, Wall of diverticulum shows chronically inflamed colon-type mucosa. (Hematoxylin and 
eosin. Original magnification x 160.) B, Higher magnification of A shows intestine-type glands with 
prominent Paneth cell metaplasia. (Hematoxylin and eosin. Original magnification Xx 400.) 


Additional diagnostic aids include urethroscopy, 
positive-pressure urethrography, and voiding cystoure- 


thrography.' * Transvaginal aspiration of diverticular 


contents, followed by injection of contrast material, and 
ultrasonography, have also been helpful in some cases. 
Calculi are present in 1% to 3% of cases and are oc- 
casionally noted radiographically. Most diverticula are 
located in the middle and distal thirds of the urethra. 
[t is interesting that the lesions are compound or mul- 
tiple in as many as 23% of patients.' Preoperative ure- 
throscopy, radiographic studies, and an appropriate 
operative approach can aid disclosure and treatment 
of these lesions. 

The treatment of female urethral diverticulum has 
been varied. In 1786, Hey used a transvaginal incision 
and packed the diverticular sac with lint. Tait advocated 
diverticulectomy in 1875. Transvaginal marsupializa- 


tion was described by Spence in 1970, and transure- 
thral marsupialization was reported by Lapides in 1979. 
Periodic expression of diverticular contents has also 
been advocated and, in fact, surgical enlargement of 
the diverticular ostium has been reported to facilitate 
this. 

Transvaginal diverticulectomy is generally the treat- 
ment of choice. Various incisions have been described 
including longitudinal, inverted U, and inverted T. The 
overall complication rate has been calculated to be 17%, 
with postoperative fistula noted in 4% of patients and 
stress urinary incontinence in 2% to 6% of patients. 
The persistence-recurrence rate is reported to be 4% 
to 20%." Transvaginal marsupialization is often advo- 
cated for diverticula in the distal third of the urethra, 
with negligible complications reported. 

When an epithelial lining is identifiable in a diver- 


Niemiec et al. 


ticulum, it may be columnar, transitional, or squamous, 
although frequently only granulation tissue is noted. 
Some degree of inflammation is evident in most spec- 
imens. Among the rare lesions found in urethral di- 
verticula are endometriosis and carcinoma. 

There have been a few reported cases of diverticula 
with intestine-type tissue.” This is consistent with a con- 
genital cause, such as the presence of cloacogenic rests 
in these individuals. These documented cases illustrate 
one of the most rare types of urethral diverticulum. An 
interesting feature of the case we report here is the 
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presence of Paneth cell metaplasia. As a final point, it 
should be emphasized that increased awareness of these 
lesions leads to increased diagnosis, so it is crucial to 
maintain an appropriate index of suspicion. 
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Relationship of systolic/ diastolic ratios from umbilical 


velocimetry to fetal heart rate 
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We assessed the relationship between systolic/ diastolic ratios as determined by umbilical velocimetry to 
fetal heart rate. Umbilical velocimetry was performed with continuous-wave Doppler ultrasound and 
systolic/diastolic ratios and fetal heart rate for the corresponding cardiac cycles were calculated in four 
groups of patients. Group 1 consisted of 30 patients undergoing antepartum fetal testing; systolic/ diastolic 
ratios were found to be significantly lower (mean + SD, 2.0 + 0.15) during an evoked fetal heart rate 
acceleration with an artificial larynx than either before (2.4 + 0.14) or after the acceleration (2.35 + 0.10, 
p < 0.01). In 20 patients with pyelonephritis (group 2), systolic/ diastolic ratios were significantly lower 
during initial fetal tachycardia (1.6 + 0.21) as compared with those obtained after its resolution 

(2.1 + 0.12, p < 0.08). In the 25 patients with chorioamnionitis in group 3, systolic/diastolic ratios were 
significantly higher during initial fetal tachycardia (1.4 + 0.21) than after its resolution (1.9 + 0.15, 

p < 0.05). Twenty patients in labor (group 4) had 10 serial measurements at 1 to 2—hour intervals of 
systolic/diastolic ratio and FHR. Least-squares regression of each patient showed a negative slope that 
differed statistically from zero (p < 0.05). There were no patients with elevated systolic/ diastolic ratios 
>3.0 in any group and all patients delivered fetuses appropriate for gestational age. These findings 
suggest an inverse relationship between systolic/diastolic ratio and fetal heart rate. Additionally, an 
alteration in fetal heart rate within the range studied does not itself produce abnormal ratios. Therefore 
normalization of the systolic/diastolic ratio for heart rate may be considered in clinical studies for statistical 
analysis and comparison but may have little practical or clinical relevance when the ratios are abnormal. 


(Am J Osstet GYNECOL 1989;160:188-91.) 


Key words: Fetal heart rate, umbilical velocimetry, systolic/diastolic ratio 


Over the past decade the use of Doppler ultrasound’ 
has allowed investigators to probe and assess the 
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fetoplacental* and uteroplacental’ circulations. Wave 
forms obtained from the umbilical artery have been 
measured based on peak systolic to lowest end diastolic 
frequency shifts and systolic/diastolic ratios have been 
calculated. These ratios have been assumed to assess 
downstream vascular resistance on the fetal side of the 
placenta.” With advancing gestation, an increase in end 
diastolic velocity resulting in a decrase in the systol- 
ic/diastolic ratio’ * has been considered to be due to 
increasing compliance and decreasing placental resis- 
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tance.* This conclusion is based on the assumption that 
other upstream factors affecting the systolic/diastolic 
ratio, such as stroke volume and cardiac output, remain 
constant with advancing gestational age and from one 
measurement to the other. In addition, changes in fetal 
heart rate have not been taken into account when sys- 
tolic/diastolic ratios are measured. An increase in fetal 
heart rate would shorten diastole and therefore allow 
less time for diastolic runoff, resulting in an increased 
end diastolic velocity and a lowered systolic/diastolic 
ratio. Conversely, a decrease in heart rate would allow 
more time for diastolic runoff, resulting in a lowered 
end diastolic velocity and a higher systolic/diastolic ra- 
tio. Assessment of the relationship between the systol- 
ic/diastolic ratio and fetal heart rate could be important 
in the evaluation of umbilical velocimetric data. Our 
previous study® suggested a relationship between sys- 
tolic/diastolic ratios determined by umbilical velo- 
cimetry and fetal heart rate in patients with preterm 
labor receiving 6-mimetic therapy. However, the cause 


of the decrease in S/D ratios with increasing doses of 


B-mimetics in patients with preterm labor could not be 
differentiated between a drug effect or a fetal heart 
rate—dependent phenomenon. 

The current study was performed to assess further 
the relationship between systolic/diastolic ratios and fe- 
tal heart rate in patients not receiving any medications. 


Material and methods 


Continuous-wave Doppler velocimetry. was per- 
formed on 95 patients in the third trimester by use of 
a continuous-wave Doppler ultrasound (Angioscan III, 
Unigon Industries, New York). All patients signed an 
informed consent form approved by the Institutional 
Review Committee. Umbilical artery wave forms were 
determined transabdominally, peak systolic to end di- 
astolic velocities were measured by electronic calipers, 
and the systolic/ diastolic ratios were calculated. Three 
ratios were obtained at each measurement according 
to previously described techniques +7 and the mean 
value was used for analysis. At each systolic/diastolic 
ratio measurement, the duration of the cardiac cycle 
was also measured with electronic calipers and a fetal 
heart rate was calculated. for the a Sys- 
tolic/diastolic ratio. 

Four groups of patients were included in analysis. In 
group 1, systolic/diastolic ratios were obtained from 30 
patients during antepartum fetal heart rate testing. 
Measurements were made before, during, and after an 
evoked fetal heart rate acceleration by use of an arti- 
ficial larynx.* Patients not showing an acceleration >15 
beats/min were excluded from the study. Group 2 con- 
sisted of 20 patients admitted to the hospital in the third 
trimester with pyelonephritis and fetal tachycardia. 
None of these patients was in labor. Pyelonephritis was 
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Fig. 1. Relationship of umbilical systolic/diastolic ($/D) ratios 
to evoked fetal heart rate (FHR) acceleration from 30 pa- 
tients during antepartum fetal heart rate testing with an ar- 
tificial larynx. Systolic/diastolic ratios were significantly lower 
(*p < 0.01) during fetal heart rate accelerations compared 
with either before or after an acceleration. 


diagnosed clinically based on maternal temperature 
> 100.4° F, urinary symptoms, costovertebral angle ten- 
derness, and a positive urine Gram stain and culture. 
Patients were treated with appropriate intravenous an- 
tibiotics, hydration, and antipyretics. The systolic/dia- 
stolic ratios and corresponding fetal heart rates were 
measured in these patients during their initial fetal 
tachycardia and after the resolution of the tachycardia. 
Group 3 consisted of 25 patients admitted to che labor 
and delivery suite of Women’s Hospital, LAC/USC 
Medical Center, with intraamniotic infection and fetal 
tachycardia. All patients were having contractions or 


- had labor induced because of their intraamniotic in- 


fection. Amnionitis was diagnosed clinically based on 
maternal temperature >100.4° F, uterine tenderness, 
and maternal and fetal tachycardia. Diagnosis was con- 
firmed by Gram stain and culture of amniotic fluid 
obtained via the intrauterine pressure catheter or am- 
niocentesis. Patients were treated with appropriate an- 
tibiotics and ‘antipyretics. The systolic/diastolic ratios 
and fetal heart rates were measured on admission and 
after the resolution of the fetal tachycar dia. Patients 
with persistent fetal tachycardia were excluded from 
the study. Group 4 consisted of 20 patients in whom 
10 serial measurements at 1 to 2—hour intervals of sys- 
tolic/diastolic ratios and fetal heart rates were made 
during the first stage of labor. Measurements were 
made between contractions and there were no periodic 
changes of the fetal heart rate during measurements. 
In groups I, 2, and 3 the fetal heart rate and systol- 
ic/diastolic ratios were analyzed by paired ¢ test. A 
p value < 0.05 was considered statistically significant. 
In group 4 least-squares estimation of linear models 
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Fig. 2. Fetal heart rate (A) and umbilical systolic/ diastolic 
(S/D) ratios (B) in 20 patients with pyelonephritis and 25 pa- 
tients with chorioamnionitis during initial fetal tachycardia ( left 
bars) and after its resolution (right bars). S/D ratios were sig- 
nificantly (*p < 0.05) lower during fetal tachycardia compared 
- with after its resolution. 


was used to select the best mathematic models to de- 
scribe the relationship between systolic/diastolic ratios 


and the fetal heart rate for each patient and for the. 


entire group. Statistical computations were conducted 
with the PROC REG ee of the SAS computer 
package.” 


Results 

All patients in the study delivered neonates appro- 
priate for gestational age and had normal systolic/ di- 
astolic ratios as described by Schulman et al.” Fig. 1 
shows the relationship of systolic/ diastolic ratios and 
fetal heart rate in the patients undergoing antepartum 
fetal testing and fetal acoustic stimulation (group 1). 
The mean (+SD) gestational age for this group 
was 36.5 + 1.5 weeks. The mean systolic/diastolic ra- 
tios during peak acceleration were significantly lower 
(2.0 + 0.15) compared with ratios obtained before 
(2.4 + 0.14) or after (2.35 + 0.10) the acceleration 
(p < 0.01, Fig. 1). Additionally, as would be expected, 
the fetal heart rate was signficantly higher during the 
acceleration (154 + 4 beats/min) compared with be- 
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Fig. 3. Predicted regression line for umbilical systolic/ diastolic 
(S/D) ratio and fetal heart rate (FHR). 


fore (132 + 4 beats/min) or after (130 + 5 beats/min) 
the acceleration (p < 0.01, Fig. 1). Similarly, in group 
2 (Fig. 2) the systolic/ diastolic ratios were significantly 
lower during the initial fetal tachycardia (1.6 + 0.21) 
compared with ratios after its resolution (2.1 + 0.12, 
p < 0.05). Similarly, in group 3 the mean systolic/dia- 
stolic ratios obtained during fetal tachycardia were 
significantly lower (1.4 + 0.21) compared with ra- 
tios obtained after the resolution of the tachycardia 
(LFE 0.15 <0. 05, Fig. 2). Mean gestational ages in 
groups 2 and 3 were 34.5 + 1.1 and 37 + 0.8 weeks, 
respectively. The least-squares regression of each in- 
dividual patient was performed in group 4 and the 
systolic/diastolic ratio of each patient was plotted 
against the fetal heart rate. Analysis showed a negative 
slope in 18 of the 20 patients that was statistically dif- 
ferent from zero (# < 0.05). In group 4 the combined 
data demonstrated an inverse linear relationship be- 


= tween the systolic/diastolic ratio and fetal heart rate 


(systolic/diastolic ratio = 5.3 — 0.0246 x fetal heart 
rate). The correlation coefficient and standard error of 
the mean were 0.46 and 0.27, respectively. Results of 
regression analysis and the predicted regression line 
for the umbilical systolic/diastolic ratio versus the fetal 
heart rate are shown in Fig. 3. 


Comment 


Doppler-derived arterial velocity wave forms have 
been a significant addition to the study of human fetal 
physiology in the last decade.’ Previous studies have 
assumed that systolic/diastolic ratios represent down- 
stream vascular resistance on the fetal side of the pla- 
centa? Other variables upstream from the point of 
measurement, such as cardiac output and stroke vol- 
ume, may affect the systolic/diastolic ratios. Because 
these variables cannot be measured, most studies have 
therefore assumed them to be constant between mea- 
surements; if a change in systolic/diastolic ratio is ob- 
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served, it has been attributed to reflect a change in 
downstream vascular resistance. For example, the pro- 
gressive reduction in systolic/diastolic ratios with ad- 
vancing gestation have been attributed to a decrease in 
placental vascular resistance.’ Another variable that 
can be measured, but has been ignored, is the fetal 
heart rate. Our study addresses the important rela- 
tionship between fetal heart rate and systolic/diastolic 
ratios. 

In this study we assumed that upstream factors and 
placental vascular resistance remain constant from one 
measurement to another, because they are not likely to 
change over such a short time. Therefore any change 
in systolic/ diastolic ratio can be attributed to a change 
in fetal heart rate. With these assumptions, we found 
a significant inverse relationship between fetal heart 
rate and the systolic/diastolic ratios as determined by 
umbilical velocimetry. Although faster fetal heart rate 
might change upstream factors (i.e., cardiac output), 
one variable known to change with a faster fetal heart 
rate is diastolic time, which decreases. This will allow 
less time for diastolic runoff, producing a higher end 
diastolic velocity and a lower systolic/diastolic ratio. 
Conversely, a slower fetal heart rate will allow a rela- 


tively prolonged period of diastole, allowing longer di- . 


astolic runoff and a lower end diastolic velocity, re- 
sulting in a higher systolic/diastolic ratio. 

Our results support consideration of the fetal heart 
rate, in addition to gestational age, when assessing fetal 
umbilical systolic/ diastolic ratios. This is especially im- 
portant because there can be significant fetal heart rate 
variations not only between different patients but in 
the same patient. There may also be changes in fetal 
heart rate with advancing gestation and increasing mat- 
uration of the fetal central nervous system. Although 
we have shown a significant inverse relationship be- 
tween fetal heart rate and systolic/diastolic ratios, none 
of the ratios we determined became clinically abnormal 
(>3.0)" due to a change in fetal heart rate. Thus even 
though the fetal heart rate changed from 120 to 155 
beats/min in one patient, the systolic/diastolic ratio 
never became abnormal. Although fetal heart rate ap- 
pears to affect systolic/diastolic ratios, a change in fetal 
heart rate in itself is not likely to produce an abnormal 
systolic/ diastolic ratio. An abnormal ratio is more likely 
to be due to increased placental vascular resistance or 
other factors than to a physiologic change in fetal heart 
rate. Although we did not investigate fetuses with ex- 
tremely slow heart rates, it is quite possible that when 
the fetal heart rate is in the bradycardiac range, systol- 
ic/diastolic ratios may exceed 3 and may even approach 
infinity with absent end diastolic flow. 

Because our previous study showed a relationship 
between systolic/diastolic ratios and fetal heart rate in 
patients taking B-mimetics,* we attempted to change the 


Umbilical velocimetry and fetal heart rate 191 


fetal heart rate without medication. Fetal acoustic stim- 
ulation, commonly used in our antepartum testing unit, 
was used to evoke a fetal heart rate accleration.® It is 
possible that acoustic stimulation of the fetus might 
alter the fetal state, which might affect systolic/diastolic 
ratios. Similarly, ‘patients with chorioamnioni:is and py- 
elonephritis had an inverse relationship between sys- 
tolic/ diastolic ratios and fetal heart rate, but the effects 
of these disease states on placental resistance and fetal 
cardiovascular changes are not known. A recent study 


- by Mires et al. suggested a correction of systolic/di- 


astolic ratios for the observed fetal heart rate. Our study 
would support such normalization of systolic/diastolic 
ratios for fetal heart rate only in clinical studies for 
comparison and statistical analysis. However, such a 
correction may have little practical and clinical rele- 
vance in patient management decisions, because ab- 
normal systolic/ diastolic ratios were not observed in our 
study merely as a result of physiologic change in the 
fetal heart rate. Additionally, it appears prudent not to 
measure systolic/diastolic ratios in patients who have 
periodic changes in fetal heart rate monitoring data 
until the fetal heart rate has returned to baseline values. 
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and umbilical arteries 
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Previous studies with Doppler velocimetry have demonstrated a strong correlation between abnormal 
waveforms and fetal-maternal disease. This study was designed to evaluate the potential role of Doppler 
velocimetry as a screening test in routine prenatal care. Two hundred fifty-five pregnant women had 

` routine monthly Doppler (systolic/end-diastolic ratio) studies on the uterine and umbilical arteries starting 
in the twentieth week of gestation. When a cutoff value of 3 was used at 30 weeks for the umbilical 
arteries, there were 35 (13%) positive tests. In 20 of these values fell to <3 in the ensuing weeks and 
were considered false positive. The remaining 15 babies demonstrated positive clinical pathologic 
correlates. When a value of 2.6 was used at 26 weeks for uterine arteries, there were nine positive results, 
seven of which had clinical pathologic correlates. This study suggested an overall positivity rate of 7%; 
therefore it provides encouragement for a larger venture in which screening and impact on decision 


making are evaluated. (Am J OssteT GYNECOL 1989;160:192-6.) 


Key words: Doppler, umbilical arteries, uterine arteries, pregnancy screening 


Previous studies with umbilical and uterine artery 
Doppler velocimetry have identified fetuses with intra- 
uterine growth retardation that were likely to experi- 
ence adverse outcome and women who may develop 
hypertensive complications of pregnancy.'? A number 
of important questions remain, foremost of which is 
the incidence of positive tests in a general population. 
In this study we used Doppler velocimetry for screening 
of early fetal or maternal jeopardy. The questions asked 
were: Are there sufficient positive tests in a general 
population to warrant the consideration of using Dopp- 
ler as a screening tool? When should these studies be 
done? | 


Material and methods 


Pregnant women attending the offices of the faculty 
and residents of the Winthrop-University Hospital 
were asked to participate in a study in which Doppler 
velocimetry would be done monthly during their pre- 
natal visits. The studies were prescribed to begin at the 
twentieth week. Two hundred fifty-five women agreed 
to participate. During this same time period 301 other 
women were cared for by our team of physicians. This 
report does not analyze outcome comparisons because 
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there were no designed protocols to measure or control 
specific parameters for those who were not screened. 
In addition some were late registrants or had sporadic 
prenatal visits. Others had Doppler studies based on 
specific clinical indications such as suspected growth 
retardation or maternal hypertension. These were not 
included as part of the screening population. 

All studies were carried out by perinatal nurses and 
a research associate (D. W.). Imaging ultrasonography 
was done with the first Doppler study to confirm ges- 
tational age. The results of the Doppler studies were 
available to both patient and physician. Informed con- 
sents were obtained from all women. 

Doppler velocimetry was done as previously de- 
scribed. The umbilical and uterine arteries are identi- 
fied by pattern recognition. Images are stored on au- 
diotape. The system used was the 500A spectrum ana- 
lyzer (Multigon Industries, Mt. Vernon, N.Y.). This 
system uses a continuous wave Doppler 4 MHz probe. 
For the umbilical arteries a minimum of three separate 
angles is used to obtain at least 10 to 12 waveforms, 
which are then averaged to obtain the systolic/end- 
diastolic ratio. A normal value was defined as <3 at 30 
weeks. The uterine arcuate arteries are detected with 
the same probe in the paracervical region in the lower 
abdominal quadrants. At least four identical waveforms 
are captured on each side. The wave contour is studied 
for the presence of a diastolic notch and the sys- 
tolic/end-diastolic ratio is calculated.’ The results from 
each side are combined so that the ratio of the uterine 
arteries reflects the average of both vessels. A normal 
value was defined as <2.7 at 26 weeks. 
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Women attending our ambulatory care center range 
from upper to lower socioeconomic status. Approxi- 
mately 80% receive their primary care from an eight- 
person resident staff. The study began in July 1985 
and these results were compiled in April 1987. The 
racial breakdown was: white, 156; black, 62; Hispanic, 
34; and others, 3. The average age of the group was 
28.4 years and the average parity was 0.95 with 42% 
of the women being nulliparous. 

The Hollister Risk Guide system was used to classify 
women. This system represents a compilation of the 
most frequently identified historic risk factors and also 
provides a section for continuing risk assessment. Also 
there are spaces for the addition of factors that the 
physician deems cf special interest and concern. The 


risk assessment that was recorded on the record was ` 


used to classify the patient. 

Statistical analyses included comparison of means, 
SEs, Student’s ¢ test, and tests of normality (sensitivity, 
specificity, and predictive value of testing). 


Results 


Fig. 1 displays the umbilical systolic/end-diastolic ra- 
tio from midpregnancy to 41 weeks. These calculations 
were done for 110 women in this study who had normal 
perinatal outcomes and in whom significant maternal 
disease was not present. This curve is similar to that 
shown before by several laboratories but is presented 
because it represents a longitudinal study of the same 
group of women. Each cell contains an average of 37 
measurements with a range of 19 to 50. A large SD is 
seen until 28 weeks when it narrows to ~3. Two sta- 
tistical turning points are seen, one at 28 to 30 weeks 
and the second at 36 to 37 weeks. At these points the 
mean is significantly lower than that of the preceding 
interval. 

From a previous study we suggested that an umbilical 
artery value of <3 could be used for the separation of 
normal versus abnormal. This was based on a receiver 
operator curve developed for the identification of in- 
trauterine growth retardation. In that study we used 
the Denver classification and showed that a statistical 
turning point for growth retardation occurred at the 
twenty-fifth percentile level.' In this study we used the 
Brenner classification and the fifteenth percentile level 
to accommodate the previously defined physiologic 
turning point as demonstrated with Doppler veloci- 
metry. In addition we also pointed out the unique im- 
portance of absent end-diastolic velocity, which we be- 
lieve can be accurately diagnosed beginning at 24 
weeks, In this study there was one fetus with absent 
end-diastolic velocity at 24 weeks, which died before 30 
weeks. There were 34 fetuses with a systolic/end- 
diastolic ratio >3 at 30 weeks. Of these 34, 15 newborn 
infants were growth retarded (birth weight less than 
fifteenth percentile, Brenner standards) (Table 1). 
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Fig. 1. Umbilical systolic/end-diastolic (S/D) ratio from mid 
pregnancy- to 41 weeks. 


There were two additional adverse outcomes in this 
group that we consider to be correlates of abnormal 
umbilical Doppler studies, but these were not included 
as positive results in this study. In one woman there 
was hypertension in late pregnancy, and one macro- 
somic newborn infant was born to a diabetic woman. 
The remaining 14 fetuses all had normal outcomes, and 
the systolic/end-diastolic ratios declined to <3 during 
the ensuing 8 weeks. Within that group one fetus with 
a ratio of 3.2 was not studied after 33 weeks. Fig. 2 
shows the distribution of the true- and false-positive 
results. 

There were nine uterine systolic/end-diastolic ratios 
at 26 weeks that were considered positive (>2.6). A 
test was categorized as positive if there was intra- 
uterine growth retardation or a maternal hypertensive 
syndrome (pregnancy-induced hypertension or pre- 
eclampsia). There were seven positive results, three of 
which had associated elevated umbilical artery velocim- 
etry values (Table II). One of the false-positive values 
fell into the normal range at 40 weeks; the other had 
a borderline level of 2.7. 

Table III provides calculations of sensitivity, speci- 
ficity, and positive predictive values for the umbilical 
arteries and growth retardation. Sensitivity and speci- 
ficity calculations and the positive and negative predic- 
tive values are not shown for the uterine arteries be- 
cause of the small number of positive results. 

Distribution of risk was 60 with 0 risk, 86 listed as at 
risk, and 109 listed as at high risk. The expected dis- 
tribution of risk in our medical center during this time 
period (n = 556) was: 0 risk, 56%; at risk, 17%; high 
risk, 27%. These results suggest that women at risk were 
more likely to volunteer to be studied. There were 115 
risk factors recorded, and the majority of these were 
listed <10 times. 

In two women with ratings of 0 risk, the Doppler 
studies appeared to be uniquely valuable. In one case 
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Fig. 2. Distribution and outcome of umbilical systolic/end- Fig. 3. Umbilical artery surveillance with Doppler ultrasonog- ` 
diastolic (S/D) ratio of =3 at 30 weeks. AEDV, Absence of end- raphy. AEDV, Absence of end-diastolic velocity. 

diastolic velocity. T, True-positive result. F, False-positive 


result. 


Table I. Outcome when umbilical artery systolic/end-diastolic ratio persisted above 3 in last 10 weeks 
of pregnancy | 





l AEDV 680 26+ í FD, hemoglobin SS 
2 AEDV 2100 36 PIH, IUGR 
3 AEDV 1390 34 IUGR 
4 AEDV 1200 31 Lupus, IUGR 
5 AEDV 1120 30 IUGR 
6 3.0 2240 35 Twin, IUGR 
7 3 1843 35 IUGR, Smoker 
8 3:3 2892 4l + Eleventh percentile 
9 5.7 1530 34 Twin, IUGR 
10 3.3 2495 38 IUGR 
1] 3.4 2835 40 Fifteenth percentile 
12 3.6 2240 36+ IUGR, APH 
13 3.1 2555 38 IUGR, Twin 
14 3.5 595 32 IUGR, FD 
15 3.5 2495 39 < IUGR 


AEDV, Absence of end-diastolic velocity; FD, fetal death; PIH, pregnancy-induced hypertension; IUGR, intrauterine growth 
retardation; APH, antepartum hemorrhage. 


*This case is included because reliable screening for absence of end-diastolic velocity begins at 24 m 


the study was perhaps life-saving for the fetus; in the at l and 5 minutes. The baby did well. This appeared 


other the study allowed early diagnosis and optimum to be a case of an acute uterine artery vasospasm oT 
thrombosis that might have resulted in an unexplained 


managment. 

fetal death if the Doppler studies had not been done 

Case 1. A 28-year-old, para 0 woman had an un- fortuitously. 

eventful medical history but weighed 300 pounds. The ` Case 2. A 25-year-old, para 0 woman had no risk 
first Doppler studies were done at 24 weeks’ gestation factors and results of physical examination were nor- 
and results were normal. Mean arterial blood pressure mal. The first Doppler studies were done at 18 weeks 
was 88 mm Hg. Results of subsequent prenatal visits and results were within normal limits. At 22 weeks the 
and Doppler studies were normal until 34 weeks 4 days, umbilical arteries were noted to have absence of end- 
when the uterine artery systolic/end-diastolic ratio was diastolic velocity. At a real-time ultrasonographic ex- 
4.4. She returned the next day and the uterine artery amination the fetus was of normal size. At 26 weeks 
studies again were abnormal (3.9). Blood pressure was the umbilical arteries still had absence of end-diastolic 
unchanged but the nonstress test revealed a flat tracing velocity. An amniocentesis was done and results of chro- 
with recurrent episodes of bradycardia. An emergency mosome studies were normal. At 28 weeks the uterus 
cesarean section was done. Just before delivery the appeared clinically small, measuring 23 cm, and 5 days 
blood pressure had risen to 170/100 mm Hg. A 2495 later another ultrasonogram suggested possible intra- 


gm male baby was born with Apgar scores of 9 and 9 uterine growth retardation. The patient was admitted 
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Table II. Outcome when uterine systolic/end-diastolic ratio persisted above 2.6 i in last 14 weeks 
of pregnancy : 





l 2.8 = 3048 
2 3.0 2240 
3 27 1200 
4 27 2311 
5 3.4 2495 
6 3.5 595 
7 2.9 3033 


Systolic/ end-diastolic Birth weight Gestational age 
ratio (gm) at delivery (wh) 






Diagnosis, comment 


39 i PIH 

35 IUGR, elevated umbilical artery 
systolic/end-diastolic ratio 

31 | IUGR, elevated umbilical artery 

l systolic/end- diastolic ratio 

35 PIH 

34+ IUGR 

32 IUGR, elevated umbilical artery 
systolic/end- diastolic ratio 

40 i PIH 





PIH, Pregnancy-induced hypertension; IUGR, intrauterine growth retardation. 


and daily nonstress tests were done. At 29 weeks 6 days 
recurrent late decelerations developed, and the infant 
was delivered by cesarean section. The male infant 
weighed 1120 gm and had Apgar scores of 7 and 9 at 
l and 5 minutes. Blood gas values were normal, but 
the baby required ventilatory support for 10 days and 
subsequently did well. Although this case might have 
been detected by clinical evaluation of uterine size, the 
early recognition allowed for proper workup to detect 
anomalies and to allow for timely delivery. 


Comment 


Our study provides the foundation for engaging in 
a larger prospective alternating study to fully measure 
the impact of Doppler velocimetry in prenatal care. 
Variations in patient population will influence the num- 
ber of positive results obtained in screening. We esti- 
mate from this study that an:examination of the um- 
bilical cords at 24 to 30 weeks, as outlined above, would 
yield a positivity rate of 10% to 15% and most of the 
false-positive results (approximately half) would be 
eliminated inthe follow-up studies. Uterine artery pos- 
itivity results appear to be around 3% in a general pop- 
ulation, but half of these are associated with abnormal 
umbilical artery ratios. Although a higher yield could 
be anticipated in a group of hypertensive women, the 
small number of isolated uterine artery abnormalities 
and the mild ensuing sequelae suggest that screening 
of these vessels alone would not be productive. 

This study reaffirmed the value of 3 as a useful 
screening point at 30 weeks, but earlier testing is 
needed to identify the fetus with absence of -end- 
diastolic velocity. Follow- -up testing is necessary because 
half of fetuses having ratios >3 subsequently fall into 
the normal range and have normal outcomes. Those 
with persistently elevated ratios had clinical pathologic 
correlates. Because umbilical flow velocity may be de- 
creased for a short or long term, full evaluation of the 
measurement requires a tabulation of the presence of 
growth retardation, maternal hypertension or diabetes, 


Table III. Validity analysis: Test results for 
umbilical systolic/end-diastolic ratio of =3 at 
30 weeks’ gestation 












. Disease state . 
Test result IUGR present No IUGR 
Positive 15 - W 35 
Negative | 8 212 220 
TOTAL’ 23 232 255 





IUGR, Intrauterine growth retardation. Sensitivity = 65%. 
Specificity = 91%. Positive prédictive value = 43%. Negative 
predictive value : = 96%. Prevalence = 9%. 


fetal trisomies, and acute antepartum fetal distress.’ 
The duration of the vascular alteration is important 
because we do not know the interval between onset of 
vasculopathy and the expression of disease. Fig. 3 offers 
a suggestive scheme for umbilical Doppler screening. 

This study suggests that 26 weeks is a good point to . 
begin screening by Doppler study of the uteroplacental 
arteries. One case cited in this study demonstrated 
an acute increase in the uterine artery systolic/end- 
diastolic ratio at 34 weeks with sudden fetal compro- 
mise. This suggests that monthly surveillance might be 
useful for the prevention of unexplained fetal deaths. 
However, serious sequelae happened primarily when 
there was an associated umbilical vasculopathy, there- 
fore casting doubt on the value of using, these vessels 
alone for screening. 

In this study the sensitivity and the predictive value 
for umbilical artery Doppler velocimetry are 65% and 
43%. These low values haye led some to conclude that 
the test is not useful. We suggest that i it is inappropriate 
to use these measurement indices as the yardstick to 
judge velocimetry. Growth retardation is a disease of 
multiple causes and Doppler ultrasonogräphy should 
not be expected to provide the explanation for all of 
them. The same can be said for maternal hypertension. 
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To us it is impressive that there is a 5% to 7% true 
positive predictive value in a general population and a 
negative predictive value of 96%. 
` Campbell et al.” studied the uterine arcuate artery 
in 149 consecutive women with a range-gated pulsed 
Doppler examination. Vessels were measured from 
both sides and one was used for a calculation of the 
resistance index (S — D/S). The screening occurred at 
16 to 18 weeks. They found 50 abnormal waveforms 
(40%). They used the end points of intrauterine growth 
retardation, pregnancy-induced hypertension, and fe- 
tal asphyxia. The abnormal waveform group had more 
adverse outcomes, and the predictive value of a positive 
test was 42%. The excessive number of false-positive 
results in this study may have been caused by too early 
screening and the failure to average the results of both 
vessels. In addition, they did not study the fetal cir- 
culation. a a . | 

Arduini et al.'! studied 75 fetuses at high risk for 
intrauterine growth retardation at 26 to 28 weeks. They 
found that when an umbilical/internal-carotid artery 
velocity wave ratio was calculated, positive and negative 
predictive values were 82% and 90% for the diagnosis 
of intrauterine growth retardation. Therefore study of 
the internal carotid might identify many of the false- 
positive results at 30 weeks that we saw when the um- 
bilical cords alone were examined. However, the prev- 
alence rate of 31%-means that this same result might 
not be achieved with a normal prevalence rate as seen 
in our study. ) | 

In the evaluation of a new test several steps are nec- 
essary before clinical acceptance can be established. We 
believe that Doppler velocimetry correlates strongly 
with growth retardation and maternal hypertension. 
This study has suggested that the incidence of abnor- 
mal Doppler study results in a middle-class population 
is approximately 5% to 7%. Remaining to be proved is 
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whether this information can be used in an effective 
manner to modify perinatal results. 
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Absence of end-diastolic umbilical artery blood flow predicts 
poor fetal outcome despite normal blood gases 


Wendy Warren, MD, Sheila Ronkin, MD, Benjamin Chayen, MD, 


Laurence Needleman, MD, and Ronald J. Wapner, MD 


Philadelphia, Pennsylvania 


A case is reported in which the fetal acid-base status was assessed by means of cordocentesis in a fetus 
without end-diastolic umbilical artery blood flow. The absence of end-diastolic flow was not associated with 
acidosis or hypoxia. However, the fetal condition deteriorated 3 days later, which suggests that even with a 
normal fetal acid-base status, an extended margin of safety cannot be assumed with the absence of 


end-diastolic umbilical flow. (AM J OBsTeT GYNECOL 1989;160:197.) 


Key words: Umbilical artery blood flow, cordocentesis, fetal acid-base status 


It has been stated that absence of umbilical diastolic 
velocity as measured by Doppler ultrasonography in- 
dicates an “emergency situation is present in which fre- 


quent surveillance is mandatory.”’ Several studies have - 


used Doppler ultrasonography to show very poor peri- 
natal outcome associated with the absence of end- 
diastolic flow in the fetal umbilical artery and aorta. 
Woo et al.* reported eight intrauterine or neonatal 
deaths in nine patients with the absence of or reversed 
end-diastolic flow. We report a case that involves a pa- 
tient with the absence of end-diastolic flow at 27 weeks’ 
gestation. She was followed up with fetal surveillance 
techniques, including cordocentesis to determine fetal 
blood gas values. Doppler ultrasonography studies cor- 
rectly predicted fetal compromise days before other 
techniques, including direct fetal blood gas evaluation. 


Case report 


A 38-year-old Cambodian woman with chronic hy- 
pertension was seen at her prenatal visit at 26 weeks’ 
gestation with evidence of superimposed preeclampsia. 
Ultrasonography revealed a fetal growth rate in the 
tenth to twentieth percentile. Doppler ultrasonography 
studies of the umbilical artery showed an increased sys- 
tolic/diastolic ratio of 4.0. Results of a nonstress test 
were reactive. The patient was placed on left-sided bed 
rest, after which she showed improvement in blood 
pressure and systolic/diastolic ratio. 

After 8 days blood pressure was elevated to 180/110, 
and Doppler ultrasonography studies revealed the ab- 
sence of end-diastolic flow in the umbilical artery. Re- 
sults of a contraction stress test were normal. Umbilical 
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vein blood gas obtained by means of cordocentesis 
showed pH = 7.36, Po, = 29, Pco, = 33, bicarbon- 
ate = 19, base excess = —5.2, and oxygen satura- 
tion = 52%. Umbilical artery end-diastolic flow was un- 
improved 3 days later. A study of the fetal aorta also 
showed the absence of diastolic flow. Results o? a con- 
traction stress test were positive, with repetitive late 
decelerations. A primary cesarean section was per- 
formed immediately with delivery of a viable male in- 
fant with a birth weight of 805 gm and Apgar scores 
of l and 6. Measurement of umbilical venous blood gas 
obtained at delivery showed pH = 7.04, Pc, = 14, 
Pco, = 73, bicarbonate = 20, base excess = — 12, and 
oxygen saturation = 10%. 


Comment 


Percutaneous umbilical blood sampling hes been 
used to assess fetal well-being in intrauterine growth 
retardation. Pearce et al.? found normal fetal acid-base 
status was predictive of fetal well- -being in two patients 
for:6 and 12 days, respectively. Although their patients 
had abnormal umbilical artery Doppler ultrasonogra- 
phy waveforms, the absence of end-diastolic flow was 
not evident, as was true for our patient. This is only 
one case but it suggests the absence of end-diastolic 
flow does not indicate an hypoxic or acidotic fetus at 
the time of the study. It suggests that despite normal 
fetal acid-base status, an extended margin of safety 
cannot be assumed when there is an absence of end- 
diastolic flow. 
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Appraising a Clinical journal article in obstetrics 


and gynecology 


David B. Seifer, MD, Mark D. Adelson; MD, Raja W. Abdul-Karim, MD, and 


Michael S. Baggish, MD 
Syracuse, New York 


Although some physicians have the opportunity to participate in a journal club during residency, many 
infrequently receive formal instruction on how. to critically evaluate a journal article. Systematic guidelines 
for appraising a clinical journal article are presented and illustrated with examples. Considering each 
guideline in its respective order may lead toa better understanding of what the literature may offer one’s 


practice. (AM J OBSTET GYNECOL 1989;160:198-20T .) 


Key words: Clinical journal article, appraising, critical reading 


Residents and physicians infrequently receive formal 


instruction about the critical evaluation of clinically ori- 


ented journal articles. Systematic guidelines: will en- 
courage a better informed readership and provide 
greater appreciation of useful information. Studies in 
this field have been reported in a‘number of books" 
and specialized articles**; however, only a few of them 
have been specifically. directed to obstetrics and gyne- 
cology.” The purpose of this article is to present con- 
cise guidelines for evaluating clinical journal articles in 
the field of obstetrics and gynecology. These guidelines 
are most applicable to articles posing a stated hypoth- 
esis, thus excluding reports solely devoted to general 
review topics, descriptions of surgical techniques, or the 
reported incidence of specific coriditions. 

Table I illustrates a model schema for evaluating a 
prototype article. Guideliries are organized into five 
headings: (1) Reporting, (2) Study design, (3) Execution 
of study, (4) Conclusions, and (5) Application of study. 
Each heading is presented separately according to the 
order of the table. 


Reporting 


If the title draws attention and the abstract maintains 
interest, the introdüction should be read to determine 
the purpose and relevance of the study. The hypothesis 
must be clearly stated, because it will be ultimately re- 
jected or not rejected on the basis of the results of the 
study. 

Relevance can be du by asking these ques- 
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tions: Why is this study important? Why. was this re- 


-search done? What contribution does this article offer 


the present body of knowledge? Is this new or collab- 
orative of information previously reported in the lit- 
erature? 


Study design 

The evaluation process continues with a careful in- 
spection of the Materials and Methods section to prop- 
erly evaluate study design. By identifying sources of 
error and bias the reader can evaluate the conclusions 
with accuracy and greater insight. Moreover, careful 
inspection reveals the degree to which conclusions can 
be extrapolated and generalized beyond the immediate 
study population. _ 

The criteria used for entry into the study should be 
clear early within the Materials and Methods section. 
Was a biopsy, culture, assay, or autopsy used as a “gold 
standard” to establish entry into the study? It is im- 
portant to be certain that investigators are studying 
what they claim to be studying. For example, many 
articles on pelvic inflammatory disease do not include 
diagnostic laparoscopy as part of the workup. Up to 
one third of the patient population may not have 
bona fide pelvic inflammatory disease, thereby misrep- 
resenting the initial patient population.” 

The design of the study, either prospective or ret- 
rospective, should be clear early within the Materials 
and Methods section. A prospective study may take the 
form of a randomized clinical trial or a cohort study. 
A randomized clinical trial assigns an exposure or non- 
exposure by chance, minimizing selection bias and con- 
founding variables. A cohort study may not offer the 
advantage of randomization but may provide the next 
best option—examining the clinical outcome of a 
group or groups prospectively undergoing exposure to 
an event or intervention. However, there may be an 
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inherent bias in the assignment of individuals to their 
respective groups. For example, in a comparison of the 


incidence of breast cancer in postmenopausal estrogen- ` 


progestogen users versus nonusers, it 1s important to 
examine the basis for selection into each group. A sub- 
ject may be a nonuser because her physician did not 
prescribe hormone replacement in light of her strong 
family history of breast cancer. She and perhaps others 


in the nonuser group may be at a greater risk of de-. 


veloping breast cancer than those in the user group. A 
conclusion that there is a decreased incidence of breast 
cancer in postmenopausal estrogen-progestogen users 
would be biased if exclusion criteria were not well de- 
fined or known risk factors were not evenly distributed 
in both groups. Exclusion criteria might include risk 
factors such as first-degree relatives with breast cancer, 
a previous history of cancer in one breast, endometrial 
carcinoma, early menarche, or advanced age at time of 
first pregnancy. 

Prospective design, whether a randomized clinical 
trial or a cohort study, is preferable to retrospective 
design because it is less likely to introduce bias. How- 
ever, ethical, logistic, and perhaps economic constraints 
may make a prospective design impractical. The asso- 
ciation between diethylstilbestrol exposure in utero and 
clear cell adenocarcinoma of the cervix and vagina may 
never be conclusively resolved. Prospective studies 
would be unethical in light of the strong statistical as- 
sociation retrospectively observed between diethy]lstil- 
bestrol and these rare adenocarcinomas. 

A retrospective study attempts to answer questions 
after an event has occurred. Groups of people are com- 
pared by outcome instead of by exposure. The question 
of whether prophylactic bilateral oophorectomy should 
be performed in a 45-year-old woman having an ab- 
dominal hysterectomy for benign disease is controver- 
sial. Although the incidence of prior operation in 
women with ovarian cancer underscores the potential 
for prophylactic bilateral opphorectomy, it does not 
provide a meaningful prediction of who would most 
benefit from prophylaxis. 

The most valid retrospective design is the case- 
controlled study. “Cases” women who have had a spe- 


cific disease or therapy—are compared with a “control” . 


series of women who have not had the disease or ther- 
apy. The use of midforceps in delivery is a controversial 
issue in obstetrics. Retrospective case-controlled studies 
attempt to compare infant and maternal morbidity as 
influenced by the use or avoidance of midforceps in 
delivery. 

Studies of this particular design are potentially 
flawed by the method of selecting controls. Conclusions 
comparing the neurologic and developmental out- 
comes of infants delivered by midforceps with a case- 


controlled group delivered by cesarean section may be - 
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Table I. Guidelines for appraising a clinical 
journal article in obstetrics and gynecology 


1. Reporting 
a. Purpose and hypothesis clearly stated? 
b. Relevance of study: What contribution does this 
article make to the literature? 
2. ap design 
Criteria for entry into study? 
Prospective versus retrospectiver 
Randomized? 
Appropriate control(s)? 
Crossover design appropriate? 
Subjective versus objective assessment of an 
isolated dependent variable by a blind rater? 
g. Reproducibility? 
h. Are patients similar to own patients? 
3. Execution of study 
a. Adequate sample size? 
b. Coexistence of confounding variables? 
c. Attrition rate and adequate period of follow-up? 
d. Appropriate statistics? 
4. Assessment of conclusions 
a. Do the findings in ¢hzs study support the con- 
clusion(s)? 
b. Clinical versus statistical significance 
5. Application of study 
a. Is this information helpful to your practice? 
b. Ideas for further research 


moan 


misleading if not examined carefully. Did the groups 
contain numbers of mothers with similar age, socio- 
economic background, intelligence, length of labor, 
and induced versus spontaneous labor? 

Another option for a retrospective study, although 
less valid than the case-controlled study design, is the 
case series. Retrospective cases with a particular out- 
come after an alleged “responsible” exposure are pre- 
sented. A comparison group is not provided. A case 
series of N consecutive midforceps deliveries of infants 
with better than average intelligence would not provide 
convincing evidence of the safety of this technique. 

The concept of a control group is applicable to both 
prospective and retrospective studies. In a prospective 
cohort study the control group will define the expected 
incidence of a disease in untreated women. In a ret- 
rospective study using case controls the control group 


demonstrates the prevalence of a specific outcome in 


women who are not receiving the intervention being 
studied. An appropriate control group should serve to 
assist in determining if the proposed intervention is 
responsible for the oþserved results. 

Crossover design can be important when the order 
of experimental treatments may contribute to the out- 
come. If the prior exposure to a treatment may affect 
results, then this may be controlled by alternating the 
order of treatment exposure. For example, an inves- 
tigator is interested in examining the effectiveness of 
a medication in relieving the symptoms of premen- 
strual syndrome. The experimental group takes the 
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medication daily, whereas the control group takes a 
placebo. At the completion of three cycles, the exper- 
imental group takes the placebo and the initial control 
group takes the new medication. | 

How is the dependent variable evaluated? Is an as- 
sessment of the variable subject to observer variation 
or are there objective criteria? When fetal distress is 
considered, is the diagnosis based on a fetal heart trac- 
ing, a biophysical profile, a scalp pH, or an umbilical 
cord pH? In addition, there may be many interpreta- 
tions of a particular fetal monitor tracing.'’ To avoid 
expectation bias, is there a blind rater of results? The 
investigator who is performing a second-look laparos- 
copy to assess the effectiveness of oral contraceptives 
versus danazol in the treatment of endometriosis 
should not know which medication the study patients 
received before laparoscopy. 

Are the details of the study described sufficiently well 
to allow other investigators to test its reproducibility? 
Are the patients studied representative of the reader’s 
patient population, so as to allow extrapolation of the 
results to his or her practice? A study examining acute 
psychologic adjustment to fetal death involves women 
of low socioeconomic backgrounds attending a large 
county hospital. It may be difficult to apply conclusions 
from such a study to a community private practice car- 
ing for women of more priviledged socioeconomic 
backgrounds. If ethical, logistic, and economic con- 
straints are not present, a prospective, randomized, 
double-blinded, well-controlled study will offer the 
strongest conclusions. However, what may have ap- 
peared to be attractive in theory may be very difficult 
to execute in practice. | 


Execution of study 


Sample size adequate to assure valid statistics‘can be 
derived from published tables if the desired level of 
statistical significance, power, and difference in ex- 
pected response rates can be estimated.’ The avail- 
ability of this information allows a reader to determine 
what size a given sample population should be in order 
to achieve statistical significance. Adequate sample size 
reduces the probability of having a Type I error (stating 
a difference exists when it does not), as well as having 
a Type II error (failing to state a difference exists when 
it does). A study by Freiman et al.’* found that 66 of 
71 “negative,” randomized, controlled, clinical trails 
surveyed from several major medical journals included 
an inadequate number of patients to have given a rea- 
sonable chance to detect a significant difference. ‘Thus 
66 of 71 clinical trials were, in fact, inconclusive with 
regard to the question of whether the studied treatment 
groups were different. 

What attempt have the authors made to identify and 
control for confounding variables? An investigator can 
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attempt to control for these if they are identified before 
the beginning of the study. This can be accomplished 
by the use of “matched controls.” If the control group 
has matched factors suspected to increase the risk for 
the outcome of a particular event, these factors can be 
controlled by matching each patient in the treatment 
group with a particular patient in the control group. 
For example, does a tubal pregnancy itself, or factors 
that predispose to its occurrence, increase the risk of 
subsequent infertility? To answer this question, certain 
risk factors for tubal pregnancy and tubal infertility 
should be controlled. Factors such as previous intra- 
uterine contraceptive device use, history of pelvic in- 
flammatory disease, appendectomy, number of sex- 
ual partners, age at first intercourse, socioeconomic 
background, present age, and gravidity should be 
“matched” between the study group and the control 
group of fertile women. 

Are all the patients entered into the study accounted 
for? What is the attrition rate and is there appropriate 
follow-up of the patients entered into the study? Un- 
derreporting of unfavorable outcomes obviously biases 
the results. If >15% of patients are lost to follow-up, 
the results are not sufficiently reliable.’* It may be dif- 
ficult to believe results that are based on a disqualifi- 
cation rate that approaches the magnitude of the dif- 
ference in outcomes being tested. 

Another important consideration in the execution of 
a study is the use of statistics. Are appropriate tests 
used? Statisticians who have evaluated the medical lit- 
erature have found errors in the use of statistical meth- 
ods in almost half the articles sampled.'* Understanding 
that statistical significance testing does not eliminate 
uncertainty, but simply quantifies it, will assist the 
reader in keeping concepts such as p values and power 
in proper clinical perspective. If a diagnostic test is 
being evaluated, are the specificity, sensitivity, and pre- 
dictive values calculated? A review of statistics is beyond 
the scope of this discussion; however, a concise sum- 
mary may be found in a text by Colton.” 


Assessment of conclusions 


After evaluating study design and execution of a 
study, we must consider whether the reported results 
support the reported conclusions. An error referred to 
as Type II error by Condon” appears to occur when- 
ever the author simply ignores the data at hand and 
expresses his or her personal opinion. Although the 
conclusion may be correct, the evidence presented is 
not sufficient to support its claim. 

The question of clinical versus statistical significance 


-is an important issue that stresses the practicality of a 


study’s results. Even if a statistical difference is true, its 
clinical applicability may be insignificant. For example, 
perhaps a study shows that the population mean blood 


Volume 160 
Number | 


pressure in the first trimester is statistically significantly 
higher (5 mm Hg} in women with preeclampsia than 
in women with normotensive pregnancies. Although 
5 mm Hg may be statistically significant by the rigors 
of mathematics, it is of limited practicality in a clinical 
setting. 


Application of study 


Finally, is the information from the article helpful to 
your practice? Even though the study may not be per- 
fectly designed or executed and its conclusions may be 
overstated, there may be some redeeming information 
offered that depends on the reader’s intended use. For 
a clincial investigator a study may stimulate the for- 
mulation of new hypotheses to be tested or may en- 
courage a different study design to offer the same hy- 
potheses. For a clinical practitioner, studies improve the 
understanding of the natural history of an event or 
disease process, increase awareness of a diagnostic test, 
and have an impact on standards of practice by clari- 
fying a controversial issue. 

Presented are basic guidelines intended to assist the 
clinician in reading a clinical journal article. Consid- 
ering each heading in its respective order may lead to 
a better understanding of the literature and the poten- 
tial benefit it may offer one’s practice. 
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Umbilical artery creatine kinase brain-band 
isozyme as a predictor of neonatal 


periventricular-intraventricular hemorrhage 


Arlene Bardeguez, MD, Nergesh Tejani, MD, Uma L. Verma, MD, and Soo Jae Kirn, MD, 


East Meadow, New York 


In low-birth-weight neonates, an elevation in the percentage of creatine kinase brain-band isozyme in the 
umbilical artery was significantly correlated with future development of neonatal grade III and grade IV 
periventricular-intraventricular hemorrhage, when compared with levels in those neonates who did not 
show periventricular-intraventricular hemorrhage or who developed grade | and grade II 
periventricular-intraventricular hemorrhage (p = 0.025). In these neonates the relative levels in maternal 
venous, umbilical arterial, and umbilical venous samples indicated that the source of the isozyme was 


fetal. (AM J OBSTET GYNECOL 1989;160:202-6.) 


Key words: Creatine kinase, periventricular-intraventricular hemorrhage 


Improved survival of the low-birth-weight (LBW) 
neonate has made long-term neurologic and psycho- 
metric compromise a major issue. Several studies* ° 
have described the relationship between grades III and 
IV _ periventricular-intraventricular hemorrhage and 
such compromise. The ability to predict this patho- 
logic condition is therefore of obvious value. Events 
related to respiratory distress syndrome are well 
known to predispose neonates toward periventricular- 
intraventricular hemorrhage; however, pathologic” * 
and sonographic’ evidence has suggested that hypoxic 
ischemic changes and periventrictlar-intraventricular 
hemorrhage may predate birth, in some cases. 

Creatine kinase 1s an energy-transfer enzyme that 
reversibly catalyzes the phosphorylation of creatine by 
adenosine triphosphate. The creatine kinase brain- 
band isozyme is localized on astrocytes® and neurons of 
the brain,’ and injury to these tissues results in ele- 
vation of this isozyme.* ? Shields and Feldman” have 
demonstrated an elevation of creatine kinase brdin- 
_ band isozyme in LBW neonates before the develop- 
ment of periventricular-intraventricular hemorrhage 
and showed a further elevation of this isoenzyme after 
the hemorrhage occurred. On the basis of these find- 
ings, we examined umbilical arterial blood creatine ki- 
nase brain-band isozyme levels as a possible marker 
of intrauterine hypoxic insult, which later manifests 
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Fig. 1. Scattergram of umbilical arterial creatine kinase brain- 
band isozyme percentage in groups A, B, and C. 


as periventricular-intraventricular hemorrhage in the 
LBW neonate. 


Methods 


Forty-three neonates with birth weights >500 and 
<=2000 gm were entered into the study. The last 2 hours 
of the intrapartum fetal heart rate trace were evaluated 
by a scoring system described by Fischer et al. The 
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Table I. Population characteristics 









Gestational 
age (wk) 


A 29 32.5 + 3.6 
B 8 28.4 + 2.8 
C 6 28.7 + 2.4 
Analysis of variance 0.005* 


Values are mean + SD. 
*Significant (A > B and C). 
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Apgar score 









Birth weight (gm) 


1441 + 399 6.4 + 2.6 7.7 +2.) 

1253 + 453 5.0 + 2.5 6.6 + 2.3 

1239 + 407 4542.92 5.8 + 1.9 
NS . NS NS 


Table II. Correlation of patient groups with intrapartum fetal heart rate monitoring and umbilical arteria? 
acid-base evaluation 











Fetal heart rate 


Group score* 
A 29 6.9 + 1.5 
B 8 6.8 + 0.6 
C 6 6.4 + 1.8 
Analysis of variance NS 


Values are mean + SD. 
* Modified .fischer. 


individual score for each 30-minute segment is pre- 
sented as an averaged score for the last 2 hours. Neo- 
natal Apgar scores at 1 and 5 minutes, gestational age, 
birth weight, and birth weight percentile were noted. 
A segment of umbilical cord was double-clamped; and 
arterial and venous blood was drawn anaerobically into 
heparinized syringes. Blood gas analyses were per- 
formed immediately with an automated. pH blood gas 
analyzer (model 170, Corning Medical and Scientific, 
Medfield, Mass.). For creatine kinase determinations, 
in addition to cord blood, a maternal venous blood 
sample was collected within 20 minutes of delivery. Um- 
bilical arterial, umbilical venous, and maternal venous 
blood samples were centrifuged, and serum was ob- 
tained. Samples were coded and frozen at — 20° C until 
they were analyzed. The physician who did the analysis 
was unaware of the neonatal course. _ 

The isozymes were measured by an immunochemical 
method with a kit (Isomune CK, Roche Diagnostic Sys- 
tems, Nutley, N.J.). Creatine kinase activity was deter- 
mined by the Hitachi 737 system (Boehringer Mann- 
heim Diagnostics, Indianapolis) and was expressed as 
total creatine kinase activity (units per liter) and total 
creatine kinase brain-band isozyme (units per liter). 
The relative contribution made by the brain-band iso- 
zyme was calculated by the formula: 


CK-BB (U/L) 


X 
CK (U/L) S 


CK-BB% = 


where CK-BB% is creatine kinase brain-band isozyme 


Umbilical arterial 





Umbilical arterial 
base excess 
(mmol/L) 


Umbilical arterial 
Pco’ 
(mm Hg) 










pH 


7.28 + 0.07 48 + 14 —3.7 + 3.) 

7.32 + 0.08 44 + 13 -3.2 + 58 

7.28 + 0.08 44 + 8 —5.7 + 4.4 
NS x NS | NS 


percentage; CK-BB is creatine kinase brain-band iso- 
zyme, and CK is total creatine kinase. 

_ A fontanelle scan was performed on each study neo- 
nate on the first, third, and seventh days of life for 
evidence of periventricular-intraventricular hemor- 
rhage. Each case was classified as either negative 
or positive for periventricular-intraventricular hem- 
orrhage, on the basis of sonographic findings. If a pos- 
itive classification was given, a grade was assigned." For 
purposes of artalysis patients were grouped as fol- 
lows: group A, all normal scans; group B, grade I 
and II periventricular-intraventricular hemorrhage on 
any one or more scans; group C, grade III or IV 


periventricular-intraventricular hemorrhage on any 


one or more scans. | 
' Comparisons were made among groups for popu- 
lation characteristics, total creatine kinase, creatine ki- 
nase brain-band isozyme, and creatine kinase brain- 


‘band percentage. These factors also were evaluated in 


the maternal venous, umbilical arterial, and umbilical 
venous blood sample sites to determine whether a gra- 
dient indicating a source was evident. The various com- 
ponents of creatine kinase also were evaluated pro- 
spectively for periventricular-intraventricular hemor- 
rhage. Because retrospective significance was detected 
for creatine kinase brain-band isozyme percentage, we 
examined a critical value of 20% for significance. Sen- 
sitivity, specificity, and predictive value for grades III 
and IV periventricular-intraventricular hemorrhage 
were also examined. 
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Table III. Correlation of cord arterial creatine kinase 





A 29 121.9 + 78.3 
B 8 95.0 + 43.6 
C 6 77.7 = 31.9 
Analysis of variance NS 


Values are mean + SD. 
*Significant. (C > A and B) 


Brain-band isozyme 
N Total (U/L) (UIL) 
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Brain-band isozyme 
percentage 





24.6 + 20.9 21.7 + 16 
16.8 + 10.2 20.2 + 14 
30.0 + 13.4 41.1 + 13 


NS . 0.025% 


Table IVA. Risk of periventricular-intraventricular hemorrhage at 20% critical value of creatine kinase 
brain-band i isozyme percentage 





<20% 
>20% 7 t 


*C > A and B). 


Table IVB. Creatine kinase brain-band 
isozyme percentage < 20 in 

prediction of grades III and IV 
periventricular-intraventricular hemorrhage 


Sensitivity (%) 100 
Specificity (%) 5] 
Predictive value of normality (%) 100 
Predictive value of grades III and IV 25 


periventricular-intraventricular 
hemorrhage (%) 


For continuous variables, a one-way analysis of var- 
iance, followed by a post hoc Scheffe contrast whenever 
the analysis of variance F ratio was significant, was used. 
A p value of <0.05 was considered significant. 


Results 


Forty-three neonates were entered into the study. 
Of these, 29 received a negative classification for 
periventricular-intraventricular hemorrhage (group 
A). Fourteen neonates (33%) received a positive clas- 
sification for periventricular-intraventricular hemor- 
rhage. Eight were classified as grades I and II 
(group B), and six were classified as grades III and IV 
(group C). Seven of eight cases of grades I and II 
periventricular-intraventricular hemorrhage and all six 
of grades III and IV periventricular-intraventricular 
hemorrhage had manifested by the third day of life on 
the second neonatal scan. 

Gestational age was significantly lower for patients in 
groups B and C (p = < 0.005); however, the two 
groups showed no differences in birth weight, birth 


p < 0.05* 


weight percentiles, or Apgar scores at 1 and 5 minutes 
(Table I). Evaluation of the fetal heart rate score and 
cord acid-base status did not show any difference 
among the groups (Table II). The total amount of crea- 
tine kinase and creatine kinase brain-band isozyme in 
the umbilical artery did not differ among the three 
groups; however, the relative contribution of creatine 
kinase brain-band isozyme percentage was significantly 
elevated in group C (grade III and grade IV hemor- 
rhage) (p = 0.025). These findings are summarized in 
Table IIT. 

Because creatine kinase brain-band isozyme per- 
centage differed significantly among the three groups, 
we examined this component for its predictive value 
in grades III and IV periventricular-intraventricular 
hemorrhage. A value of creatine kinase brain-band iso- 
zyme percentage >20 was significantly more frequent 
in group C (grades III and IV) than in groups A and 
B. A value of <20% had a 100% sensitivity and a 
100% predictive value for absence of grades III and 
IV periventricular-intraventricular hemorrhage (Ta- 
bles IVA and IVB). The distribution of creatine kinase 
brain-band isozyme percentage values in the three 
groups is further emphasized in Fig. 1. 

A comparison of the creatine kinase brain-band iso- 
zyme percentage in maternal venous, umbilical venous, 
and umbilical arterial blood (Table V) revealed that in 
group C, unlike groups A and B, there was evidence 
of a gradient from fetus to mother, indicating a fetal 
SHED 


Comment 


In our experience approximately 30% of neonates 
whose birth weights are <2000 gm develop sono- 
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Table V. Gradient of creatine kinase brain-band sons percentage in ame and fetal areas 


Umbilical vein 





A 23.4 + 17.6 
B a 35.8 + 18.8 
C 6 21.8.4 17:5 


Values are méan + SD. 


graphic evidence of periventriculat-intraventricular 
hemorrhage in the first week of life: A predictive 
biochemical marker in cord blood would be of obvi- 
ous value, and additionally, the presence of ‘such 
.a marker before the occurrence of periventricular- 
intraventricular hemorrhage would give some insight 
‘ into the pathogenesis of the problem. 

Creatine kinase, an energy-transfer enzyme, exists in 
three isozyme forms. The brain isozyme is found pre- 
dominantly i in human brain neurons and astrocytes” í 
and may also be found at lower levels in other tissue 
such as lung, gastrointestinal tract, uterus; and pla- 
centa.” Elevation of creatine kinase brain-band per- 
centage has been reported in the serum of neonates 
who had clinical evidence of brain damage.® Similar 
findings have been reported in adults with neurologic 
and brain injuries." 

Shields and Feldman,” have reported an initial ele- 
vation in serum creatine kinase brain-band i isozyme in 
neonates before the development of sonograhpic evi- 
dence of periventricular- -intraventricular hemorrhage. 
He suggests that this represents a time of hypoxic- 
ischemic central nervous system injury, resulting in the 
release of creatine kinase brain-band isozyme from 
neurons and astrocytes. The actual hemorrhage results 
in a further increase of creatine kinase brain-band iso- 
zyme, probably as a result of fresh tissue damage. 

Pape and Wigglesworth emphasized the role of hy- 
percarbia, hypoxia, and acidosis in the pathogenesis 
of periventricular-intraventricular hemorrhage in the 
preterm neonate with compromised cerebral auto- 
regulatory function. When this type of metabolic insult 
occurs is not well established. Whereas neonatal respi- 
ratory distress syndrome is well recognized as a con- 
tributing problem, studies have shown that this patho- 
lógic condition, may begin during intrauterine life. 
Goetzman et al.’ have described histopathologic evi- 
dence of brain injury, including necrosis, gliosis, alter- 
ation in extrávasated red blood cells, and calcification 
which must have predated delivery by days or even 
weeks. Bejar et al.” described sonographic lesions con- 
sisting of periventricular echogenic zones and necrosis 
that appeared as early as the first hour of life and also 
must have been initiated during intrauterine life. 

In the present study we confirmed our previous 
finding” that there is no correlation between intra- 


21.7 + 16.6 91.1 + 18.2 
90.2 + 14.2 ` 94.4 + 24.1 
27.7 + 15.8 


ALL + 13.7 


partum Hypoxia, in the form of ominous ; fetal heart 
rate changes, and fetal acidosis and the subsequent de- 
velopment of periventricular-intraventricular hemor- 
rhage. We therefore suggest that such injury may in 
fact predate labor and may be reflected in the ele- 
vated umbilical arterial creatine kinase brain-band 
isozyme percentage that we. found in neonates who 
subsequently developed grade III and grade IV 
periventricular-intraventricular hemorrhage. Most 
cases of periventriculat-intraventricular hemorrhage 
(all of group C and seven of eight i in group B) had 
occurred by the time of the second scan, on the third 
day of life; making a correlation with birth events valid. 
We found a creatine kinase brain-band isozyme per- 
centage of <20 to be an excellent predictor of a normal 
outcome and therefore a helpful screening test for 
LBW neonates at risk for this serious complication. 

Creatine kinase brain-band isozyme may be pro- 
duced in the placenta; however, because the gradient 
was from the umbilical artery to the umbilical vein to 
the maternal vein, we believe that the source was fetal. 

In summary, we found the creatine kinase brain- 
band isozyme percentage to be elevated in blood ob- 
tained from the umbilical artery in LBW neonates 
who subsequently developed grade III and grade IV 
deriventricular-intraveritricular hemorrhage: A criti- 
cal value of creatine kinase brain-band isozyme per- 
centage of 20 proved to be a helpful screening 
test for the subsequent development of grades III 
and IV periventricular-intraventricular hemorrhage in 
neonates. 
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Effect of umbilical vein oxytocin on puerperal blood loss and 


length of the third stage of labor 


Virginia V. Reddy, MD, and J. Chris Carey, MD 
Oklahoma City, Oklahoma 


The use of umbilical vein injection of oxytocin was compared with traditional management of the third 


stage of labor. Pregnant women were randomized to receive intravenous oxytocin after the delivery of the 
placenta (n = 25) or oxytocin via the umbilical vein immediately after cord clamping (n = 25). Those who 


received umbilical vein oxytocin had a shorter third stage of labor (4.1 versus 9.4 minutes), less measured 
blood loss (135 versus 373 ml), and a lower drop in hematocrit (3.9% versus 6.2%). Intraumbilical vein 
oxytocin appears to be a useful alternative to traditional management of the third stage of labor. (Am J 


OBSTET GYNECOL 1989;160:206-8.) 


Key words: Intraumbilical oxytocin, third-stage labor, puerperal hemorrhage 
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Golan et al.! described a method to deliver a retained 
placenta. They injected 10 units of oxytocin in 20 ml 
of normal saline solution into the umbilical vein of each 
of 10 women, whose placentas were retained for more 
than 30 minutes. All were delivered spontaneously, 
with a mean expulsion time of 3 minues 40 seconds 
after injection. In a Letter to the Editors, Golan et al.” 
reported using the method of 12 additional patients, 
“with excellent results and no maternal ill effects what- 
soever.” 

Kristiansen et al.° studied this method in 51 patients 
who received, via the umbilical vein, either 10 units of 
oxytocin in 10 ml of normal saline solution or 10 ml of 
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normal saline solution alone or underwent manual re- 
moval of the placenta. Kristiansen’s group found no 
significant advantage in using the procedure. This 
study did not report the length of time from injection 
to delivery for any group. No ill effects from intraum- 
bilical oxytocin were reported. 

Chestnut and Wilcox’ compared intraumbilical oxy- 
tocin to intraumbilical saline solution injections,’ but 
they did not compare the method with traditional man- 
agement. Chestnut and Wilcox injected 10 units of oxy- 
tocin in 20 ml of saline solution into the umbilical vein 
only if the placenta was not expelled within 5 minutes. 
They found no difference in the mean injection- 
expulsion interval or the mean second-day hemoglobin 
levels between the two groups. 

We elected to study the use of intraumbilical oxytocin 
in normal pregnancies without retained placentas as an 
alternative to the traditional management of the third 
stage of labor. 
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Table I. Intraumbilical oxytocin versus standard management 






Vartable 


Group I: Group 2: 
Umbilical Standard 





Parity 0.92 + 0.95 0.72 + 0.79 NS 
Birth weight (gm) $227 1:382 3207 + 353 NS 
Placental weight (gm) 666 + 98 651 + 151 NS 
First stage (hr) 7-3 £3.0 12.1 ce 16 NS 
Second stage (min) 39.3 + 32.1 38.5 + 33.7 NS 
Third stage (min) 4.1 + 2.4 9.4 + 5.8 <0.0001 
Preoperative hemoglobin (gm/dl) 12-0: 4-15 13.0 + 1.3 <0.02 
Preoperative hematocrit (%) 35.5 + 4.4 39.0 + 3.8 <0.003 
Postoperative hemoglobin (gm/dl) 10.7 1:8 11.2 + 1.5 NS 
Postoperative hematocrit (%) 31.5 + 4.9 32.9 + 4.0 NS 
Decrease in hemoglobin (gm/dl) L39 &0.92 1.8 + 1.1 <0.07 
Decrease in hematocrit (%) 3.9 + 2.4 6.2 + 3.3 <0.01 
Measured blood loss in third 135 + 122 373 + 467 <0.02 


stage (ml) 


Material and methods 


Fifty pregnant women at 37 to 41 weeks’ gestation 
were studied. Women were excluded from the study if 
they had grand multiparity (more than five pregnan- 
cies), multiple gestation, previous uterine scar, abruptio 
placentae, or preeclampsia or had received magnesium 
sulfate or oxytocin in labor. Women who were delivered 
by cesarean section also were excluded. Informed con- 
sent was obtained from all patients, who then were 
randomized by even or odd medical records number. 

On admission to the labor suite, a complete blood 
count was obtained on all study patients. All patients 
were followed up through the first and second stages 
of labor. Patients in group | (umbilical oxytocin) re- 
ceived 20 units of oxytocin, diluted in 30 ml of normal 
saline solution, into the umbilical vein immediately af- 
ter the cord was clamped and cut. These patients did 
not receive oxytocin in the first liter of intravenous fluid 
post partum but received 20 units in the second liter, 
for a total of 40 u cf oxytocin. 

Women in group 2 (standard management) did not 
receive any umbilical injection. They received 20 units 
of oxytocin in 1000 ml of lactated Ringer’s solution 
intravenously at 125 ml/hr after delivery of the pla- 
centa. All women received 20 units of oxytocin in 1000 
ml of lactated Ringer’s with 5% dextrose as a second 
liter of intravenous fluid, at 125 ml/hr. All women were 
given a total of 40 units of oxytocin, with group | re- 
ceiving 20 units intravenously and 20 units into the 
umbilical vein, and group 2 receiving 40 units intra- 
venously. _ 

All deliveries were performed by first- or second-year 
residents. The third stage of labor was managed by 
observation until signs of separation occurred, followed 
by gentle traction of the cord for expulsion. Blood loss 
in the third stage of labor was measured by the obste- 
trician, who collected all bload loss in a basin. The blood 
loss was then measured in a graduated cylinder. All 
women had a complete blood count on the morning of 
the first postpartum day. 


Data were analyzed on a Hewlett-Packard personal 
computer with NWA Statpack software. Student's ¢ test 
with two-tailed significance was used to compare means. 


Results 


The results are summarized in Table I. The two 
groups of women were similar in parity, birth weight, 
placental weight, and length of the first and second 
stages of labor. By chance, the intraumbilical oxytocin 
group began labor with significantly lower hemoglobin 
and hematocrit values. 

The third stage of labor was significantly shorter in 
the intraumbilical oxytocin group. In this group, the 
measured blood loss during the third stage of labor and 
the postpartum decrease in hematocrit were both sig- 
nificantly less. 

No patient in either group had a placenta retained 
longer than 30 minutes, and no patient had a manual 
removal of the placenta. One woman who received in- 
traumbilical oxytocin had a blood loss of 500 ml and 
became tachycardiac and mildly hypotensive after the 
delivery of the placenta. She responded quickly to fluid 
replacement and did not require blood transfusion. 
This reaction could have been due to the umbilical 
injection of oxytocin, possibly because oxytocin has a 
direct hypotensive effect. No patient in either group 
required blood transfusion. 


Comment 


The third stage of labor is usually managed by ob- 
servation until separation and expulsion occur, fol- 
lowed by the administration of intravenous oxytocin to 
reduce hemorrhage.’ Third-stage hemorrhage is a sig- 
nificant cause of puerperal anemia. With increasing risk 
of transfusion-borne infections, any mechanism to re- 
duce blood loss and risk of transfusion is of value. 

The effect of intraumbilical oxytocin on the retained 
placenta and on the third stage of labor is controversial. 
Some authors”? have found the method to be advan- 
tageous whereas others* * have not. The differences 
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may be attributable to differences in study design. Go- 
lan et al. proposed that the injection of intraumbilical 
oxytocin leads to a high concentration of oxytocin at 
the uterine wall. We gave a higher dose than other 
investigators. Perhaps the effect is dose related. 
Chestnut and Wilcox delayed injection of oxytocin 
until 5 minutes after birth. We administered oxytocin 
to the intraumbilical group as soon as the cord was 
clamped, and the mean third stage was <5 minutes. 
Perhaps earlier injection has a greater effect. It is also 
possible that the effect is due to the volume injected 
and not due, specifically, to oxytocin. Neither our study 
nor Chestnut’s study answered this question. 
Umbilical vein injection of oxytocin appears to be a 
useful alternative to the traditional management of the 
_ third stage of labor. We noted a shorter third stage of 
labor and less puerperal blood loss in women who re- 
ceived intraumbilical oxytocin. This method could be 
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of use.in women in whom intravenous access is limited, 
in whom it is desirable to limit intravenous fluid, or in 
whom it is important to hold blood loss to a minimum. 
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An obstetric analysis of fifty consecutive pregnancies after 
transfer of cryopreserved human embryos 


René Frydman, MD,*" Robert G. Forman, MD» J. Belaisch-Allart, MD, 
André Hazout, MD,* Hervé Fernandez, MD, and Jacques Testart, PhD* 


Clamart, France 


This report describes the obstetric outcome in 50 pregnancies resulting from the transfer of human 
embryos that had been cryopreserved for up to 2 years. The duration of cryopreservation did not influence 
the pregnancy rate after thawed embryo transfer. Thirty-one babies have been born from 28 pregnancies 
and a further seven pregnancies are currently in the second and third trimesters. Twenty-eight percent of 
the pregnancies failed to progress beyond the first trimester. One pregnancy was terminated at 22 weeks’ 
gestation because of severe fetal malformation. Important antenatal events included premature uterine 
activity in six patients although only one patient with a singleton pregnancy ultimately was delivered 
prematurely. Retroplacental hemorrhage occurred in four patients but was of clinical consequence in only 
one. There was a high incidence of breech presentation at term in singleton pregnancies (12%). The 
cesarean section rate in this series was 21%. An international registry of cryopreserved pregnancies would 
facilitate data collection in this relatively new clinical field. (Am J OBSTET GYNECOL 1989;160:209-13.) 


Key words: Perinatal outcome, in vitro fertilization, human embryo, cryopreservation 


The first birth after transfer of cryopreserved human 
embryos was reported in 1984.’ Since then, several 
methods have been described for the freezing and 
thawing of supernumerary human embryos.” With the 
recent development of superovulation regimens com- 
prising gonadotrepins and agonists of gonadotropin- 
releasing hormone, it is probable that more oocytes and 
embryos will be obtained. Embryo cryopreservation is 
therefore likely to play an increasing role in in vitro 
fertilization programs over the next few years. Several 
reports have described the obstetric outcome in preg- 
nancies resulting from the transfer of “fresh” em- 
bryos,*'® but there has been no previous obstetric anal- 
ysis of pregnancies arising after the transfer of frozen- 
thawed human embryos. 

This article describes the pregnancy and obstetric 
factors relative to the first 50 consecutive pregnancies 
resulting from the transfer of cryopreserved embryos 
at Antoine Béclére Hospital, Clamart, France. 


Patients and methods 


All 50 pregnancies in this series occurred in infertile 
patients being treated in the in vitro fertilization pro- 
gram at Antoine Béclére Hospital. 

Superovulation was induced in all patients in the 
in vitro fertilization cycle with combinations of gonad- 
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otropins with or without clomiphene citrate. In some 
patients the day of oocyte retrieval was programmed 
in advance with progestogens or oral contraceptives as 
previously described." The number of embryos im- 
mediately transferred in the in vitro fertilization cycle 
varied between zero and three depending on the pro- 
tocol.’* '* The remaining embryos were frozen with 
1.2 propanediol used as cryoprotectant. The cryo- 
preservation technique has been described in detail 
elsewhere." 

The embryos in this series remained cryopreserved 
for between 1 month and 2 years. The thawed embryos 
were transferred in natural cycles in 41 patients and in 
stimulated cycles in 9 patients. Stimulation included 
the administration of one ampule of human meno- 
pausal gonadotropin (Neopergonal, Serono, Levallois, 
France) on the sixth, eighth, and tenth days of the cycle. 
Human chorionic gonadotropin occasionally was ad- 
ministered in both types of cycle, but usually a natural 
luteinizing hormone surge was documented. The day 
of luteinizing hormone or human chorionic gonado- 
tropin administration was counted as day 1. The em- 
bryos were always transferred on day 4. One-cell zy- 
gotes frozen at the pronuclear stage were thawed 24 
hours before the time of embryo transfer and subse- 
quently cultured in vitro. Embryos at all other stages 
were thawed immediately before transfer. Details of 
embryo and culture factors that were thought to op- 
timize the success of the cryopreservation procedure 
have been given elsewhere.” 

After embryo transfer, dydrogesterone (Duphaston, 
Duphar, Villeurbanne, France) was given to support 
the luteal phase. Patients submitted plasma samples for 
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Table I. Duration of storage of cyropreserved embryos 
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Thawed embryos Thawing cycles 
Cryostorage (n) Transferred embryos % of thawed embryos (n) Pregnancies | % of thawing cycles 


<3 341 239 

4-6 185 137 
7-12 72 48 
13-24 19 16 
TOTAL 617 440 


70.1 245 12.6 
74.1 109 13 11.9 
66.7 4] 4 9.8 
84.2 12 2 16.7 
71.3 387 50 12.9 


Table II. Pregnancy rate and outcome related to number of embryos transferred 









Pregnancies 


Embryos transferred 


(n) 


Transfer cycles 


l 

2 23 27 

3 5 23 
TOTAL 311 50 16 


*Pregnancies >12 weeks’ gestation. 
Includes three twin pregnancies. 


estimation of the B-subunit of human chorionic go- 
nadotropin twice weekly commencing on the twelfth 
day after embryo transfer. Preclinical pregnancy was 
diagnosed by two assays of the B-subunit of human 
‘ chorionic gonadotropin >20 mIU/ml after the twelfth 
day following embryo transfer and the absence of a 
gestational sac at ultrasonography between the sixth 
week and the seventh week of amenorrhea. Of the 28 
patients who have been delivered to date, 18 were de- 
livered at Antoine Béclére Hospital and the remainder 
' by a local obstetrician. After delivery at other units a 
questionnaire was completed by the attending obste- 
trician and returned to our unit for analysis and reg- 
- istration.’ 


Results 


In this study cryopreserved embryos were thawed in 
387 cycles in 320 patients. Table J relates the duration 
of embryo cryostorage to the results of embryo thawing 
and transfer. A total of 71.3% of frozen embryos were 
transferred. The remainder were unsuitable for trans- 
fer because of the degree of blastomere lysis. ‘The preg- 
nancy rate per thawing cycle was 12.9% in this series. 

Fifty-three amniotic sacs were recorded at early ul- 
trasonography in the 50 pregnancies. The pregnancy 
rate per thawed embryo was 8.6% (53/617). The pro- 
portion of frozen embryos that were transferred and 
the pregnancy rate after transfer did not significantly 
vary with increasing duration of cryostorage. 


Live birth 
(n) 







Pregnancy outcome 


Aboi Aboi n) 
Ongoing* 


Ectopic 
(n) 





1 
i f 1l 
2 l 0 0 0 
7 7 5 l 2 


Table II shows the pregnancy rate and outcome of 
pregnancy related to the number of frozen-thawed em- 
bryos transferred. The mean number of embryos trans- 
ferred per transfer cycle was 1.42 + 0.93 (+ SD). 

Twenty-eight patients have been delivered to date. 
Twenty-five of the gestations were singleton and three 
were twins (31 babies). A further seven pregnancies 
are currently in the second and third trimesters, and 
these pregnancies are progressing normally. There 
were seven preclinical abortions and five first-trimester 
abortions. 

Elective abortion was performed at 22 weeke in one 
pregnancy because of severe fetal malformation con- 
sisting of homolateral upper- and lower-limb reduction 
deformity. Two tubal pregnancies were recorded, both 
of which were surgically treated. A total of 5.7% of 
thawed embryos produced a normal ongoing preg- 
nancy (38/617). 

Antenatal factors. Forty-nine of the 50 patients were 
primigravid. The mean age was 34.1 + 3.8 years ( + SD). 
Antenatal factors were analyzed in those patients in 
whom pregnancy progressed beyond the first tri- 
mester and in whom the pregnancy outcome is known 
(28 deliveries and one induced abortion at 22 weeks). 
Three patients (10.3%) experienced first-trimester 
bleeding. In one of these patients the placenta was sub- 
sequently diagnosed to be low-lying and ultrasono- 
graphic evidence of retroplacental bleeding was ob- 
tained. This did not influence the obstetric outcome 
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Table III. Details of complicated deliveries 
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] Emergency cesarean section 4] Fetal distress, retroplacental 
. l hemorrhage 
2 Emergency cesarean section 38 Fetal distress 
3 Emergency cesarean section 40 Fetal distress 
4 Emergency cesarean section 34 Twins (breech) 
5 Emergency cesarean section 35 Twins 
6 Elective cesarean section 39 Breech 
7 Forceps 39 Poor second-stage progress and 
hypertension 
8 Forceps 40 Breech (forceps to aftercoming 
head). 
9 Forceps i ae Twins (prematurity) 
10 Forceps 38 Poor second-stage progress 
1] Forceps 36 Prematurity 
12 Forceps 40 Poor second-stage progress 
13 Forceps 4] Fetal distress 





and an uncomplicated vaginal delivery occurred at 
term. The other two patients also subsequently had 
uncomplicated pregnancies and deliveries. Amniocen- 
tesis was petformed in only two patients, one because 
of maternal age (40 years) and the second in the pa- 
tient with the previously noted fetal abnormality. 
‘Chromosome analysis was normal in. both cases. 
Pregnancy-induced hypertension occurred in three pa- 
tients (10.3%). Six patients (20.7%) were hospitalized 
with premature labor. Three of these had twin preg- 
nancies and all were delivered before the thirty-sixth 
week of pregnancy. The remaining three had singleton 
pregnancies, and spontaneous membrane rupture oc- 
curred prematurely in two of them. Only one of these 
patients ultimately was delivered before completion of 
the thirty-sixth week of pregnancy (premature delivery 
rate for singleton gestations, 4%). — 
_Retroplacental bleeding was diagnosed in four pa- 
tients. In one, frank hemorrhage necessitated urgent 
cesarean section because of fetal distress. In the re- 
mainder bleeding was diagnosed incidentally at early 
ultrasonography or after delivery of the placenta and 
did not have adverse obstetric consequences. 
Delivery factors. Twenty-two of the 28 deliveries 
were vaginal and the remainder were by cesarean sec- 
tion (cesarean section rate 21.4%). The details of all 
instrumented and operative deliveries are shown in 
Table III. All cesarean sections were performed be- 
cause of obstetric indications. Five of the six cesarean 
sections were emergency procedures. Three of the 
seven forceps deliveries were done because of slow 
progress in the second stage of labor. The remainder 
were done because of a variety of obstetric indications. 
The presentation was breech in five infants. Both in- 
fants in one of the twin pregnancies were breech. This 
patient was delivered by cesarean section. The other 
three breech presentations all occurred in singleton 


gestations after the thirty-seventh week. Two of these 
were delivered vaginally and one by cesarean section. 
The incidence of breech delivery in singleton gestations 
at term in this series was 12%. 

Figs. 1 and 2 illustrate the birth weight and length 
of singleton infants as they relate to the normal range 
for gestational age. Four of the infants were outside 
the normal weight range. Two were at or below the 
tenth percentile for birth weight relative to gestational 
age (one associated with severe hypertension) and two 
were just above the ninetieth percentile. The length of 
these infants at birth also was outside the normal range. ` 
The Apgar scores at 1 minute after birth were =7 in 
all infants except for one delivered by forceps and the 
twins that were in breéch presentation and were deliv- 
ered by cesarean section at 34 weeks. These infants 
responded to conventional resuscitation and the 10- 
minute Apgar scores were normal. All 31 children de- 
livered are currently alive and normal. 


Comment 


This is the first report of the obstetric outcome of 
pregnancies resulting from the transfer of thawed cryo- 
preserved human embryos after in vitro fertilization. 
It is not our purpose to discuss either the technique or 
the success rate of embryo cryopreservation. These fac- 
tors have already been described in several publica- 
tions.'* '* However it is important to note that the du- 
ration of time of embryo cryostorage does not appear 
to influence the ability of the embryos to resist the cryo- 
preservation procedures or the pregnancy potential of 
these embryos, at least in the first 2 years. 

Ina previous publication we similarly noted no in- 
fluence of increasing duration of cryostorage on em- 
bryo survival, although at that time it was reported that 
the survival of individual embryonic cells was adversely 
affected by longer periods of cryopreservation.‘ 
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Fig. 1. Birth weight (in grams) related to gestational age of 
neonates. Percentiles correspond to distribution of birth 
weights in spontaneously conceived singleton babies in the 
Paris region. 


It is also relevant that, despite the accepted definition 
of surviving embryos as those that have retained 50% 
of the initial number of blastomeres after thawing, 
there have been two normal deliveries, one from our 
own unit’ and one reported by Viega et al. resulting 
from embryos with only one of four cells remaining 
after thawing. Clearly there is a need to review the 
definition of embryo survival, and it is our policy to 
transfer all embryos in which at least one blastomere 
remains intact after thawing. _ 

Although the number of pregnancies investigated in 
this study was limited to 50, the pregriancies all origi- 
nated from one unit. Reviewing the world experience 
after embryo cryopréservation, Ashwood-Smith"” re- 
ported 50 pregnancies (including 11 from our unit) 
leading to 23 births up to April 1986. More recently, 
Van Steirteghem and Van Den Abbeed'® presented the 
results of a survey of >100 .centers in 18 countries 
dealing with the period up to the end of 1986. One 
hundred sixty-three pregnancies and 63 births were 
recorded. This also included some of our data. There 
have been several reports on the obstetric outcome of 
in vitro fertilization after fresh embryo transfer.”"! 

In an analysis of 767 pregnancies, Steptoe et al.° 
noted a 26.7% clinical abortion rate and an ectopic 
pregnancy rate of 2.1%. The results of the Australian 
collaborative study showed an abortion rate of 21 % and 
a 5% incidence of ectopic pregnancies.’ In the present 
study only 11.6% (5 of 43) of the clinical pregnancies 
resulted in first-trirnester abortion and the incidence of 
ectopic pregnancy was 4.7%. 
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Fig. 2. Length at birth (in centimeters) related to gestational 
age of neonates. Percentiles correspond to distribution of birth 
lengths in spontaneously conceived singleton babies in the 
Paris region. 


The simultaneous replacement of multiple embryos 
leads to a high incidence of multiple gestation in 
in vitro fertilization.’ Twins and other multiple preg- 
nancies are known to be associated with an increased 
rate of prematurity.” Recent evidence, however, has 
suggested that the incidence of premature delivery is 
elevated even in singleton gestations after in vitro fer- 
tilization.? The range in the published literature varies 
from 6.3% to 19%.5® "° 

Only one of 25 patients with a singleton pregnancy 
was delivered prematurely in this series. This is in 
agreement with our low rate of prematurity in preg- 
nancies after fresh embryo transfer.® The discrepancy 
between our own results and those of others is probably 
more related to differences in obstetric practice than 
to in vitro fertilization technique because premature 
uterine activity is managed very actively in our unit. 

We previously reported a high incidence of breech 
presentations in in vitro fertilization. This finding ap- 
pears to be confirmed by the present data. Further- 
more, it does not seem to be related to multiple preg- 
nancy or prematurity because the incidence in singleton 
pregnancies at term was 12%. In our maternity unit 
the incidence of breech presentation at delivery in 
spontaneously conceived pregnancies is 4.3%.° Englert 
et al.?' suggested that placentation may be abnormal 
after embryo transfer and postulated that this was due 
to inadequate orientation of the blastocyst at the time 
of implantation. The placental site was not assessed in 
our work, but low placental implantation could be a 
factor in this high incidence of breech presentation. 
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Alternatively, as in this series, there was a very high 
proportion of nulliparous patients. This factor also may 
be implicated. 

One major fetal limb malformation was detected in 
this study and the pregnancy was terminated at 22 
weeks. No chromosomal abnormality was detected in 
the fetus. A fetal limb abnormality has also been re- 
ported by Trounson” after embryo cryopreservation. 
It cannot be stated if these abnormalities are related to 
the cryopreservation procedure. It is unlikely that the 
cryoprotectant is implicated because propanediol is 
used by our group and dimethyl sulfoxide by Troun- 
son’s group. Furthermore, freezing and thawing pro- 
cedures have been documented to be free from genetic 
risks in many biologic systems.” The incidence of major 
congenital abnormality in in vitro fertilization preg- 
nancies is not thought to be elevated when compared 
with spontaneously conceived pregnancies.® '!° Never- 
theless, we would suggest a world registry for cryopre- 
served embryo pregnancies so that trends may be rap- 
idly appreciated in large’ numbers of patients. 

The incidence of cesarean section in this series was 
only slightly raised compared with the cesarean section 
rate in spontaneous pregnancies’ but is in contrast to 
the high rate in other series of in vitro fertilization 
pregnancies (33% to 56%’* "'). All operative proce- 
dures were done because of classic obstetric indications. 
It is probable that with increasing exposure to in vitro 
fertilization pregnancies, obstetricians are now more 
reassured and no longer regard a pregnancy conceived 
in vitro as inherently at risk, even in the absence of 
adverse obstetric features. | 

In conclusion, this study describes the outcome of 50 
pregnancies after the transfer of thawed cryopreserved 
embryos. In the 28 patients who have been delivered 


to date, there was a high incidence of breech presen- ` 


tation similar to that seen after in vitro fertilization with 
fresh embryos in our unit. There was a high incidence 
of premature uterine activity, although only one patient 
with a singleton gestation actually was delivered pre- 
maturely. Two small-for-dates infants were recorded. 
‘The cesarean section rate was only slightly higher than 
in the general population. The rate of early pregnancy 
loss after transfer of thawed cryopreserved embryos 
does not appear different from that of in vitro fertil- 
ization pregnancies with fresh embryo transfer. One 
major fetal abnormality was recorded. It is suggested 
that an international registry of pregnancies occurring 
after embryo cryopreservation should be established. 
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Diagnosis of trisomy 18 in monozygotic twins. 


by cordocentesis 


Dinesh M. Shah, MD,» Phillipe Jeanty, MD,” V. G. Dev, PhD; Janet E. Ulm, MSSW,° and 


John Phillips, MD“ 


Nashville, Tennessee 


The incidence of monozygotic twins with trisomy 18 is 1 in 1,000,000 births. We report a case diagnosed 
prenatally with lymphocyte culture from fetal blood samples obtained by cordocentesis. Fetal growth lag 
and structural malformations detected by ultrasonography indicated chromosomal abnormality. A saline 
solution infusion technique ensured that cordocentesis obtained a sample from each twin. (AM J OBSTET 


GYNECOL 1989;160:214-5) 


Key words: Monozygotic twins, trisomy 18, cordocentesis 


The monozygotic twin rate is 3.5 to 4 per 1000' and 
the incidence of trisomy 18 is about 0.3 per 1000 new- 
born babies.? The probability of these events occurring 
together is around one per million. We report a case 
of monozygotic twins with trisomy 18 diagnosed by cul- 
ture of fetal lymphocytes. 


Case report 


A 24-year-old white woman, gravida 2, para 1-0-0-1 
with a last menstrual period on June 1, 1986, and an 
expected date of confinement of March 7, 1987, was 
seen at 28% weeks’ gestation with discordant twin preg- 
nancy. Ultrasonographic examination confirmed dis- 
cordant fetal measurements: biparietal diameter, 69 
and 73 mm; femur length, 43 and 50 mm; humerus 
length, 40 and 47 mm (values for twin A and twin B, 
respectively). i 

The anatomy survey revealed that twin A had an 
omphalocele, female phenotype, and oligohydramnios. 
Twin B had talipes equinovarus, clitoromegaly, and 
normal amount of fluid. Both twins had a single um- 
bilical artery. Genetic counseling included discussion: of 
these anomalies and the associated increased risk for 
chromosomal abnormality. The possibility of detecting 
chromosomal abnormality in one twin only was dis- 
cussed as was the unavailability of the option of ter- 
mination because of gestational age. The patient re- 
quested cordocentesis. _ 7 

Fetal blood sampling via cordocentesis was per- 
formed at the placental end of each cord. The placentas 
were anterior, and a cordocentesis was performed for 
twin A and twin B at different locations on the anterior 
abdominal wall. A small volume of saline solution was 
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Fig. 1. Diagrammatic representation of infusion of saline so- 


lution to confirm purity of sample and which twin is being 
sampled. . 


injected during each procedure to confirm placement 


of the needle in the umbilical vein. Flow was noted 
toward the specific twin being sampled, thereby con- 
firming two distinct samplings (Fig. 1). 

A total of 3.5 ml of blood ‘was obtained from each 
fetus. Hematocrits were 38% and 42% for twins A and 
B,; .respectively. Parental and fetal HLA typing con- 
firmed monozygotic twins. Fetal lymphocyte cell cul- 
tures revealed trisomy 18 in 20 of 20 cells in each fetus. 
The patient was delivered vaginally at 29 weeks of ges- 
tation. Twin A was a 770 gm female infant with Apgar 
scores of l and 1l at 1 and 5 minutes. On physical ex- 
amination blepharophimosis micrognathia, a single 
flexion crease on the fifth fingers bilaterally, rocker- 
bottom feet, omphalocele, and two-vessel cord were 
noted. Twin B was a 910 gm female infant with Apgar 
scores identical to those of twin A. Micrognathia, bleph- 
arophimosis, a single flexion crease on the fifth fingers, 


rocker-bottom feet, two-vessel cord, and clitoromegaly 
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were noted. Both infants died shortly after birth and 
postnatal blood sampling confirmed trisomy 18 in each. 


Comment 


In twin gestations, detection of growth retardation 
of one or both fetuses, especially with structural mal- 
formations present, raises the possibility of fetal chro- 
mosomal abnormalities. Extensive counseling should 
accompany attempts at prenatal diagnosis. In this case 
prenatal diagnosis was helpful both to the patient in 
clarifying the underlying problem and to the obstetri- 
cian in planning management, specifically in avoiding 
cesarean section, because undiagnosed trisomy 18 
pregnancies have a high incidence of cesarean section. 


Cordocentesis: Monozygotic trisomy 18 twins 


In fetal blood sampling in twin gestations it is im- 
perative that both fetuses are sampled. Infusion of sa- 


- line solution has proved most helpful to confirm that 


the needle tip is in the umbilical vessel. An additional 
advantage of this technique in twin gestations is the 
ability to follow flow in the cord toward the particular 
fetus being sampled, thereby confirming separate sam- 
pling from each fetus. 
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Transvaginal ultrasonography-guided aspiration of gestational 
sacs for selective abortion in multiple pregnancy 


Joseph Itskovitz, MD, DSc, Rafi Boldes, MD, Israel Thaler, MD, Moshe Bronstein, MD, 


Yohanan Erlik, MD, and Joseph M. Brandes, MD 
Haifa, Israel 


A method for selective termination of multiple pregnancy by means of transvaginal ultrasonography-guided 
aspiration of gestational sacs is described. This technique was applied successfully in two women in whom 
the number of embryos was reduced from four to two at 7 weeks’ gestation. (AM J OBSTET GYNECOL 


1989;160:215-7.) 


Key words: Selective abortion, multiple pregnancy, transvaginal ultrasonography 


Multiple pregnancy is the major complication asso- 
ciated with ovarian stimulation for induction of ovu- 
lation and in vitro fertilization. The presence of more 
than three embryos early in pregnancy is of serious 
concern because of the danger of spontaneous abor- 
tion and premature delivery. Although a difficult 
choice to make selective abortion offers a means by 
which the number of developing embryos can be 
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controlled, thus increasing the likelihood of successful 
pregnancy. We describe a method for early selective 
termination of multiple pregnancy by means of trans- 
vaginal ultrasonography-guided aspiration of gesta- 
tional sacs. 


Patients and methods 


Reduction of the number of embryos from four to 
two was carried out at 7 weeks’ gestation in two women. 
Patient 1 conceived after the transfer of five embryos 
in our in vitro fertilization program and patient 2 con- 
ceived after gonadotropin treatment of chronic an- 
ovulation. 

Transvaginal ultrasonography-guided fetal reduc- 
tion. Povidone-iodine pessaries were inserted into the 
vagina as a disinfectant the day before and the morning 
of the procedure. The patient was given an intravenous 
dose of 100 mg pethidine hydrochloride and 10 mg 
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Fig. 1. Transvaginal ultrasonographic scan demonstrating ges- ' 


tational sac and tip of needle (Proud near embryo e yolk 
sac to be: apigia, | | | 


diazepam as a sedative, and 1 gm cefazolin was given 
intravenously as a prophylactic antibiotic. The vagi- 
na was thoroughly cleaned with a 10% solution of 
povidone-iodine and then with gauze soaked in ‘saline 
solution. We used a 6.5 MHz transducer and an Elscint 
ESI 1000 sector scanner (Elscint, Haifa,. Israel). The 
transducer was covered with a sterile plastic bag and 
was positioned to produce a scan that showed the ges- 
tational sac to be punctured. The embryo was then 


aligned with the biopsy line (Fig. 1). The sacs that were . 


located in the closest proximity to the vaginal wall were 
chosen for aspiration. The needle, 25 cm long with a 
1.6 cm outer diameter, was connected by a catheter to 
a 20 ml syringe, inserted through the needle guide, and 
advanced through the vaginal wall into the gestational 
sac (Fig. 2). The tip of the needle was positioned near 
the embryo and sudden suction was applied, which re- 
sulted in cessation of the embryonic cardiac activity. 


After the first sac was punctured the neédle was fully - 


withdrawn and replaced and the second gestational sac 
was similarly aspirated in both cases. To maintain a 
good scanning view of the embryonic pole, care was 


taken not to aspirate all of the amniotic fluid. No bleed- — 


ing occurred and the procedure was well tolerated by 
the patients. Repeated ultrasonographic examinations 
showed a gradual decrease in the volume of the aspi- 
rated gestational sacs over 4 to 6 weeks until they be- 
came undetectable as a result of the growth of the re- 
maining normal sacs and, embryos. 

At 18 weeks’ gestation patient 1 underwent cervical 
cerclage because of signs compatible with cervical in- 


competence. She also was treated with ritodrine hy- ` 


drochloride and bed rest after several episodes of pre- 
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Fig. 2. Method of transvaginal ultrasonography-guided aspi- 
ration of gestational sacs for selective abortion. 


mature contractions. As a result of uterine contractions 
and breech presentation of the second twin at 36 weeks’ 
gestation, she underwent a cesarean section and was 


delivered of two healthy boys weighing 2160 and 2000 


gm, respectively. Patient 2 had an uneventful course 
and at.39 weeks’ gestation two healthy boys weighing 


i 2600 and 2350 gm were delivered by means of an elec- 
 tive'cesarean section. On careful examination of the 


placentas there was no trace of the aspirated sacs. 


yn - 


` Comment 
The transvaginal ultrasonography-guided technique 


for fetal reduction has several advantages over pre- 


viously reported methods that involve the transab- 
dominal! or transcervical? approach. The proximity of 


the vaginal transducer element to the pelvic organs 


makes the. use of higher-frequency probes (e.g., 6.5 


MHz). possible, thus enhancing picture resolution and 


sharp imaging of the gestational sac and its contents. 
Furthermore, because of the elastic character of the 
vagina, the tip of the transducer probe can be brought 
close to the uterine wall and to the gestational sac to 
be aspirated. The shorter puncture route and the more 
precise and accurate puncture procedure, compared 


with the transabdominal approach, reduce the risk of 


puncture to a bowel or blood vessel or inadvertent dam- 


: age to the gestational sacs. It also enables the procedure 


to be performed at an earlier stage of pregnancy, as 
early as 6 weeks’ gestation. 

An advantage of early termination is the smaller size 
of the gestational sac and its contents that need to be 
absorbed. The embryo can be more easily aspirated; 
thus the need to directly puncture the embryo (usually 
several attempts are needed) or to inject a lethal sub- 
stance into the embryo as in the transabdominal ap- 
proach is avoided. Early intervention may also be more 
acceptable psychologically to the parents. However, it 
does not allow for the possible occurrence of the nat- 
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BASIC SCIENCE SECTION 


A functional and structural study of the innervation of the 


human uterus 


N. Morizaki, MD» J. Morizaki, MD," R. H. Hayashi, MD, and R. E. Garfield, PhD“ 
Yamagata, Japan, Ann Arbor, Michigan, and Hamilton, Ontario, Canada 


We characterized the innervation of human myometrial tissues by electrical field stimulation and electron 
microscopy. Nerve-specific parameters (puise duration 0.6 msec) were used for electrical field stimulation 
to selectively activate intrinsic nerves. In specimens from nonpregnant, nonparous women (n = 6), 
tetrodotoxin (1078 mol/L) significantly reduced the response to electrical field stimulation by 70%. 
Contractions to electrical field stimulation were also inhibited to 60% by atropine (107° mol/L) as well as 
by guanethidine (10-5 mol/L) and phentolamine (107° mol/L). Propranolol (10-° mol/L) had no detectable 
effect. We obtained similar results from about 50% of the specimens from nonpregnant, parous women 

(n = 15). The contractile responses of specimens from the term pregnant uterus (n = 13) to electrical field 
stimulation were not influenced by tetrodotoxin. Ultrastructurally we found nerve profiles in close proximity 
to muscle cells. About 30% of nerve varicosities in tissues from nonpregnant, nonparous patients could be 
classified as adrenergic (small, dense-cored vesicles), 53% as cholinergic (small, agranular vesicles), and 
about 17% as indeterminant (sometimes large, dense-cored vesicles). However, nerve varicosities were 
rarely observed in term pregnant specimens. These results indicate the presence of tetrodotoxin-sensitive, 
excitatory innervation of human myometrium consisting of e-adrenergic and cholinergic components. 
Furthermore, denervation may be nearly complete at term and recovery of innervation occurs at a 
considerable length of time after delivery. (AM J OssteT GYNECOL 1989;160:218-28.) 


Key words: Myometrium, uterus, adrenergic nerves, cholinergic nerves, uterine innervation 


- The contractility of most smooth muscle tissues is 
-.thought to be regulated by an interaction of myogenic, 
neurogenic, and hormonal control systems.' Control of 
contractility by neurogenic mechanisms is of primary 
importance in most smooth muscles. An understanding 
of neural control of any tissue requires structural 
knowledge of the nerve pathways and target organ re- 
lationships. The neural pathways, the intrinsic nerves, 
and the neural control of contractility of various smooth 
muscles, including gastrointestinal and vascular tissues, 
have been extensively studied.” However, the inner- 
vation of the uterus and the extent of neurogenic con- 
trol of contractility have not been clearly defined. ‘The 
autonomic innervation of the guinea pig uterus has 
been examined in detail,’ but few quantitative studies 
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have been done on the innervation of the human 
uterus. 

Structural studies with histochemical and histoflu- 
orescence techniques have been used to investigate the 
innervation of the human uterus.*® However, most of 
these studies have been devoted to sympathetic nerves. 
Cholinergic nerves have not been subject to corre- 
sponding interest, despite evidence for cholinergic in- 
nervation of the uterus of different mammalian species, 
particularly the rat and the human.°* The cholinergic 
fibers in the human uterus show an overall distribution 
similar to that of the adrenergic fibers.’ 

From their morphologic and spatial distribution, one 
can only speculate about a role for these nerves in reg- 
ulating myometrial contractility. In order to elucidate 
the functional role of nerves in the uterus, the response 
of the living tissue to transmitter release must be mea- 
sured. It has been shown that the response of smooth 
muscle tissue to electrical field or transmural stimula- 
tion is due to release of endogenous neurotransmitters, 
and this is most evident at short pulse durations. This 
technique has been used successfully to investigate the 
innervation of the human oviduct, myometrial strips 
from guinea pigs, human female bladder, and rat uter- 
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ine cervix.'°'* With this technique and selective antag- 
onists, it is possible to discriminate between cholinergic, 
adrenergic, and nonadrenergic-noncholinergic i inner- 
vation. Part of the present study deals with the isolated 
human uterus in vitro subjected to electrical field stim- 
ulation and the effects of cholinergic and adrenergic 
antagonists, with the purpose of characterizing the neu- 
ronal motor control of the human uterus in more detail. 

There have been a number of electron microscopic 
studies of the human uterus,* "= but only a few obser- 
vations have been made of the innervation. The tech- 
niques of electron microscopy have allowed the idén- 
tification of different autonomic nerve types, according 
to the nature of the intraaxonal vesicles in the terminal 
varicosities. Thus it has been possible to identify cho- 
linergic, adrenergic, and other types of nerve fibers in 
many types of smooth muscle tissues.” '* It is generally 
accepted? that profiles containing predominantly small, 
agranular vesicles (30 to 60 nm) represent cholinergic 
nerves, and varicosities with small granular vesicles (30 
to 60 nm) with a dense core typify adrenergic nerves. 
The third type of varicosity contains large, opaque 
vesicles (100 to 200 nm) and is thought to denote 
nonadrenergic-noncholinergic nerves. 

The purpose of the second part of this study was to 
investigate innervation of the human uterus by electron 
microscopic techniques. The comparisons between 
nonpregnant and: pregnant, nonparous and parous 
specimens were included because there is: some evi- 
dence for denervation of the human uterus during 
pregnancy,” as has been reported for lower animals.'® 


Material and methods 


Tissues. All nonpregnant human specimens used in 
this study were obtained from women undergoing ab- 
dominal or vaginal hysterectomy because of benign dis- 
eases. Subperitoneal muscle strips were taken from two 


parts of the anterior wall (fundus and cervix) for the’ 


electrical field stimulation study and three parts (upper 
uterine segment or corporal area, lower uterine seg- 
ment or isthmic area, and cervix) for the electron mi- 
croscopic study. 

All pregnant human specimens were obtained from 
pregnant women undergoing cesarean section at term. 
The operation was elective and there was no evidence 
of labor. In pregnant patients transverse muscle strips 
were taken from the upper edge of the lower uterine 
segment incisions. All patients consented to participate 
in the study after oral explanation of the project and 
all signed a consent form. The methods used i in this 
study have been evaluated by Ethics Committees at both 
McMaster University and the University of Michigan. 

Routine anesthesia was used in the operation, and 
patients receiving medication that might interfere with 
adrenergic or cholinergic transmitter metabolism were 
excluded from the study. The specimens for electrical 
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Fig. 1. Influence of tetrodotoxin (TTX), atropine, guanethi- 
dine, phentolamine, and propranolol on spontaneous con- 
tractile activity of myometrium. Concentration of all drugs 
was 10°° mol/L. Note contractile activities were not affected 
by all drugs. 


field stimulation were immediately immersed in cold 
normal Krebs-Ringer solution bubbled with a gas mix- 
ture of 95% oxygen and 5% carbon dioxide, and trans- 
ported to the laboratory. The specimens for electron 
microscopic study were immediately fixed in the op- 
erating room. 

Procedures for functional study. The tissue prepa- 
rations were dissected into pieces about 2.0 x 0.3 x 
0.3 cm-in size. The long axis of each strip was cut in 
the direction of the muscle bundles. The stimulating 
electrodes consisted of parallel platinum rings (5 mm 
in diameter) mounted 1 cm apart. Platinum ring elec- 
trodes, within which the tissues were suspended, have 
been found to result in more efficient stimulation of 
nerves when compared with parallel wire electrodes.!” 
The muscle was suspended by 3-0 silk within the ring 
electzodes in a bath containing 50 ml Krebs-Ringer so- 
lution (sodium chloride, 119 mmol/L; potassium chlo- 
ride, 4.7 mmol/L; calcium chloride, 1.2 mmol/L; so- 
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Fig. 2. Specimen from nonpregnant, nonparous human myometrium with spontaneous contractile 
activity of high random amplitude and frequency. It was difficult to distinguish effect of field 
stimulation from spontaneous contraction. After treatment with verapamil (10-* mol/L) contractile 
response to field stimulation became apparent. ES a 
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FIELD STIMULATION 


Fig. 3. Contractile responses to field surnulation in presence 
of various blockers and untreated myometrial strips from non- 
pregnant human myometrium. All specimens were pretreated 
with verapamil (1075 mol/L). Contractile responses were 
strongly influenced by adding tetrodotoxin (TTX) and also 
atropine. 


dium bicarbonate, 24.9 mmol/L; potassium phosphate, 
1.2 mmol/L; and glucose, 11.1 mmol/L) at a temper- 
ature of 37° C and bubbled with a gas mixture of 95% 
oxygen and 5% carbon dioxide. One end of the muscle 
strip was tied to a strain gauge force transducer (Grass 


model FT03). The contractile activity was recorded iso- 
metrically on a polygraph (Grass model 7D). Before 
exposure to a drug or electrical field stimulation, the 
initial load on the preparation was set at 2 gm, and 
within 10 minutes the smooth musculature relaxed to 
a tension level of 1.5 to 1.0 gm, which was maintained 
during the experiment. After equilibration, the ring 
electrodes were connected to the laboratory stimulator 
(Grass S88). Except for studies of the responses to dif- 
ferent frequencies of stimulation; the usual parameters 
of square wave stimulation were as follows: pulse in- 
tensity of 60 V, pulse frequency of 30 pulses per second, 
and pulse width of 0.6 msec. The use of a short pulse 
duration is thought to selectively stimulate nerve, not 
muscle, which requires >50 to 100 msec pulse dura- 
tions for direct excitation. . . 

The theoretical basis for this effect is the much longer 
time constant of smooth muscle (60 to 133 msec) com- 
pared with nerve (0.7 to 5.0 msec)." Regular and re- 
producible contractile responses, however, were ob- 
tained only with longer trains of pulses, in the order 
of 10 seconds, a length which was therefore chosen in 
subsequent studies. The contractile responses recorded 
on chart paper were quantified by measuring the area 
under the contraction curve with a planimeter (IBM- 
PC/AT) computer with GTCO software and digitizing 
tablet). The maximum contractile response of each 
strip to electrical field stimulation was used as a ref- 
erence and set at 100%. 

Pharmacologic agents used in these studies were: te- 
trodotoxin (Sigma Chemical Co.), atropine sulfate 
(Sigma), guanethidine sulfate (Ciba-Geigy), phentol- 
amine (Ciba-Geigy), and propranolol hydrochloride 
(Sigma). All drugs were dissolved in distilled water and 
added to the bath in 50 ul volumes. 

- Because the spontaneous activity always made it dif- 
ficult to evaluate the response to electrical field stim- 
ulation in nonpregnant specimens, verapamil was used 
to diminish the contractions (Fig. 2, see Results section). 
The tissues were allowed to equilibrate in the bath for 
60 minutes, then verapamil was added to give a con- 
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Fig. 4. Effect of variation in frequency (5 to 60 Hz) of stimulation (at 0.6 msec, 60 V, 10 seconds) 
on contractile responses of myometrial strips in presence of tetrodotoxin (TTX), atropine, guaneth- 
idine, phentolamine, and propranolol. At frequency of 60 Hz, treatment of tetrodotoxin, guaneth- 
idine, and phertolamine significantly reduced contractile responses. 


centration of 10° mol/L. The experiments were 
started 40 minutes after pretreatment with verapamil. 

The contractile responses (mean + SEM) were com- 
puted for each group of muscle tissues. Student’s ¢ test 
was used to evaluate the levels of significant differences 
between all of the mean values. The probability values 
that were <0.05 were considered to be significant. 

Procedure for electron microscopic study. The tis- 
sues were immersed in a cacodylate (50 mmol/L- 
buffered solution containing 4% paraformaldehyde 
and 1% glutaraldehyde for 2 hours after dissection. 
Subsequently, the tissues were postfixed in 2% osmium 
tetroxide in 50 mmol/L cacodylate buffer, stained 
en bloc with saturated uranyl acetate, dehydrated, and 
embedded in Epon. Sections were cut with a diamond 
knife on a Reichert OmU2 ultramicrotome, mounted 
on 200-mesh grids, stained with uranyl acetate and lead 
citrate, and examined and photographed in a Zeiss 
EM10C/CR electron microscope. For determination of 
nerves, sections were scanned at low magnification 
(about x 11,025), and each nerve profile was photo- 
graphed and printed at higher magnification (about 
x 35,000). 

Five-grid squares of sections from one strip of each 
uterine segment were chosen at random and examined. 
Nerve varicosities (profiles containing at least five syn- 
aptic vesicles and few or no neurotubules) were clas- 
sified as follows. 

l. Cholinergic varicosities were nerve profiles con- 

taining at least five small agranular vesicles (30 to 
60 nm in diameter), no small granular vesicles (30 
to 60 nm), and fewer larger granular vesicles (90 
to 120 nm) than small agranular ones. 

2. Adrenergic varicosities were nerve profiles with 

one or more vesicles with a small dense core and 
five or more vesicles (30 to 60 nm) altogether. 


3. Indeterminate varicosities were nerve profiles 
containing more large, dense-cored vesicles (100 
to 200 nm) than any other vesicle type. 

Profiles that had fewer than five synaptic vesicles and 

many neurotubule filaments were considered to be 
axons. 


Results 


Field stimulation study 

Nonpregnani specimens. Excitatory responses to field 
stimulation of tissues from nonpregnant women were 
seen in all phases of the menstrual cycle. Most 
myometrium preparations exhibited persistent spon- 
taneous contraction activity after equilibration. The 
spontaneous activity was not affected by atropine, pro- 
pranolol, phentolamine, guanethidine, or tetrodotoxin 
(Fig. 1). Electrical field stimulation contracted the mus- 
cle, although it was difficult to distinguish this effect 
from the spontaneous activity (Fig. 2). 

We used verapamil to eliminate spontaneous con- 
tractions and stabilize the muscle activity. Spontaneous 
contractions were largely absent in the presence of ver- 
apamil (10-° to 10-5 mol/L) whereas the electrical field 
stimulation responses were clearly evident (Fig. 2). The 
selectivity of the calcium antagonist to inhibit contrac- 
tion of smooth muscle while not interfering with 
neurotransmission is explained on the basis of tissue- 
specific receptors of the calcium channels in the plas- 
malemma of the muscle cells.22 The contractile re- 
sponses to electrical field stimulation were strongly an- 
tagonized by ‘tetrodotoxin (Fig. 3), suggesting that they 
were nerve mediated. To optimize the contraction mea- 
surement on electrical field stimulation, verapamil was 
used in subsequent experiments to eliminate sponta- 
neous muscular activity. 

Electrical field stimulation experiments in nonpreg- 
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Fig. 5. Effect of tetrodotoxin (TTX), atropine, guanethidine., 
phentolamine, and propranolol on contractile responses of 
nonpregnant, nonparous human myometrial specimens to 
field stimulation. | 
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Fig. 6. Effect of tetrodotoxin (TTX), atropine, guanethidine, 
phentolamine, and propranolol on contractile responses of 
tetrodotoxin-sensitive nonpregnant, parous human myome- 
trial specimens to field stimulation. 


nant myometrial specimens resulted in contraction in 
100% of the preparations. However, we could not sys- 
tematically study cervical tissue, because it did not al- 
ways react to electrical field stimulation. The contractile 
responses of myometrial tissues to electrical field stim- 
ulation were also partly abolished by adding either atro- 
pine, guanethidine, or phentolamine (Fig. 3). Pro- 
pranolol only slightly affected contractile responses to 
electrical field stimulation (Fig. 3). Several stimulus fre- 
quencies were tested, which resulted in frequency- 
dependent increases in the contractile response (Fig. 
4). Analysis of these data showed that the contractile 
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Fig. 7. Effect of tetrodotoxin (TTX) on contractile response 
of myometrial specimens from term pregnancy. 


responses were significantly lower (p < 0.05) after 
treatment with tetrodotoxin, guanethidine, and phen- 
tolamine but not with atropine or propranolol. We di- 
vided the data from this study into two groups, speci- 
mens from nonparous and parous women, because of 
the possibility of denervation found in uterine muscle 
during pregnancy (see Comment section). 

Nonparous specimens. In specimens from six men- 
struating women (25 to 52 years old) the contractile 
responses were significantly reduced 31% with tetro- 
dotoxin (107€ mol/L), 58% by blockade of cholinergic 
transmission with atropine (10~* mol/L), 40% by block- 
ade of adrenergic transmission with guanethidine (10~° 
mol/L), to 62% by blockade of the a-adrenergic recep- 
tor with phentolamine (10-* mol/L) when compared 
with the control responses (Fig. 5). The contractile re- 
sponse was unaffected by blockade of the B-adrenergic 
receptor with propranolol (107° mol/L). As tested with 
all of the effective blocking agents, the inhibition ap- 
peared to be dose-dependent, although a full range of 
concentrations of the antagonists was not used. 

Parous specimens. In tissues from 15 women (21 to 48. 
years old, with two to five previous deliveries) electrical 
field stimulation caused a distinct contractile response 
in eight of the specimens. In specimens from the seven 
other patients clear, unequivocal responses were not 
observed. Fig. 6 shows the contractile responses of the 
tissues that reacted to field stimulation. The results 
were essentially the same as those obtained with tissues 
from nonparous women (Fig. 5; i.e., an inhibition with 
tetrodotoxin, atropine, guanethidine, and phentol- 
amine but not propranolo)). 

Term pregnant specimens. We obtainéd muscle tissues 
from 13 pregnant women at term (one primiparous 
woman 27 years old and 12 parous women 22 to 41 
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Fig. 8. Electron micrograph of uterine tissue from non pregnant w 


oman at low magnification showing 
three nerve fibers (arrows) between muscle cells (x 7300). 
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Fig. 9. Electron micrograph of cervical tissue from nonpregnant woman showing nerve bundle 
running in collagenous stroma and containing several axons (X 4300). 
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Fig. 10. Nerve fiber (arrow) closely associated with muscle cells of blood vessel (right of electron 


micrograph) (x 5900). 











Specimens 















No. of 
grid squares 
examined |photographs 






Location 


Nonpregnant, Upper 35 67 2 
nonparous Lower 35 50 50. -28 ~IS 
(n = 7) Cervix 35 139 143 65 54 
Nonpregnant Upper 35 30 37 30 7 
parous Lower 35 57 63 46 8 
(n = 7) Cervix 35 74 84 43 13 
Menopausal Upper 10 2 2 0 2 
(n = 7) Lower 10 5 5 0 5 
Cervix 10 29 2. (OAS 7 
Term Mean 
pregnancy 38 wk 
(n = 7) 5 days, 
range 
37-39 70 29 is J 0 
wk 


No. of nerves 


roai Mus | Vex | ? Ade) cho.|ucv 
13 ea «22 {3 19 8 







Table I. Number of nerve profiles in specimens from human uterus 







Type of nerve profiles 


associated with muscle cells 


Type of nerves 





$. 25 27 a «328 2 
94 72 G2 21 335 197 
0 Ss & 2 55 78 
9 82: 13 a’ We 138 
298 18 40 10- 188 116 
rg l 0 3 0 
Oo: 9 l 0) 8 0 
S- TOH 2 62 53 
2 “3 0 l 4 0 3 0 l 4 


Shown are number of patients in each group, number and location of tissues examined, total number of photographs, number 
of nerves (single or compound) associated with muscle (Mus.), blood vessels (Ves.), or not closely aligned to either (?), total number 


of various types of nerve varicosities and axons (Adr., 


adrenergic; Cho., cholinergic; LCV and Axons, 


large-cored vesicles or 


indeterminant), and types of varicosities associated with myometrial cells. Tissues were obtained from upper and lower segments 
of uterus and cervix for all groups except term pregnancy, where all tissues were from lower portion of uterus. 


years old, with one to eight deliveries). The results from 
these specimens are summarized in Fig. 7. These tissues 
did not exhibit strong spontaneous contractions; there- 
fore verapamil was not used. The contractile responses 
to field stimulation were not influenced by tetrodotoxin 
(107° mol/L). 

Electron microscopic study 

Nonpregnant specimens. The density of nerve fibers 
and the varicosities were sparse, but when present they 


were in close proximity to bundles of myometrial cells. 
The nerves consisted mainly of preterminal axons, con- 
taining few synaptic vesicles but many neurotubules, 
and the individual nerve fibers were surrounded by 
Schwann’s cells (Fig. 8). Large nerve fibers between 
muscle cells also were observed in the cervix (Fig. 9). 
We could not find any nerves closely apposed to muscle 
cells. When nerves and their varicosities were found 
near muscle cells of blood vessels, we categorized them 
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Fig. 11. Electron micrograph of nonpregnant human uterus showing nerve varicosity (single arrow) 
and axons (double arrows). Nerve terminal is identified as adrenergic by presence of small, dense- 
cored vesicles ( x 16,100). 
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Fig. 12. Electron micrograph of nonpregnant human uterus showing nerve terminals (arrows). Upper 
nerve varicosity is identified as cholinergic (single arrow) by presence of predominantly small, agran- 
ular vesicles. Lower nerve varicosity is identified as indeterminant (double arrows) by presence of 
predominantly large, dense-cored vesicles (x 13,600). 


as vascular nerves (Fig. 10). Nerve varicosities were 
classified as described in the Methods section. 


dense-cored vesicles, excluding axons, Table I). There 
were more nerve profiles present in the cervix than in 


Nonparous specimens. The results of examination 
of specimens from seven nonpregnant, nonparous wo- 
men are shown in Table I. About 30% of the nerve 
varicosities in the myometrium (upper plus lower seg- 
ment) from these specimens could be classified as ad- 
renergic (Fig. 11), 53% as cholinergic, and 17% as 
indeterminate containing large, dense-cored vesicles 
(Fig. 12; see totals of adrenergic, cholinergic, and large, 


the body of the uterus. 

Parous specimens. The results of specimens from seven 
nonpregnant, parous women are shown in Table I. In 
this group 71% of nerve varicosities could be classified 
as adrenergic, 19% as cholinergic, and 10% as inde- 
terminate. The total number of nerve profiles that were 
associated with muscle cells decreased as compared with 
those in tissues from nonparous patients (Table I). 
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Fig. 13. Low-magnification electron micrograph of human myometrium at term pregnancy showing 


possible degenerated axon (arrow) ( x 6400). 


Table I shows the results of specimens from two meno- 
pausal women. The number of nerve fibers in the myo- 
metrium decreased when compared with the number 
in the cervix. Surprisingly, we found no nerve varicos- 
ities at all in the myometrium. 

Term pregnant specimens. The results from pregnant 
women at term are shown in Table I. In this case we 
examined twice as many grid squares as we did from 
nonpregnant parous and nonparous patients. Nerve 
profiles, like those observed in specimens from non- 
pregnant women, were seldom observed. Axon profiles 
rarely were seen (Fig. 13) and solitary profiles were 
occasionally observed between muscle cells (Fig. 14), 
which may have been damaged nerves or remnants of 
Schwann’s cells. 


Comment 


This study shows that the human uterus is innervated 
by predominantly adrenergic and cholinergic motor 
nerves from the autonomic nervous system. This was 
demonstrated both functionally by field stimulation and 
structurally by electron microscopy. Furthermore, our 
study indicates that the presence of the nerves and the 
contractile responses produced when they are stimu- 
lated are respectively decreased and abolished in preg- 
nancy. 

In this study we used electrical field stimulation 
(transmural stimulation) to electrically excite the in- 
trinsic nerves of the myometrium. The basis for this 
lies in the fact that the time constant for stimulation of 
nerve is much shorter (0.7 to 5.0 msec) than that for 
muscle (60 to 133 msec).® Therefore application of 
stimuli at short pulse durations (0.6 msec) selectively 


activates nerves and not muscle. Similar methods have 
been used in a variety of smooth muscles,'*’ including 
previous studies of the uterus” and cervix.'* To further 
demonstrate that the events that we recorded were me- 
diated by nerves, we used the nerve blocking agent 
tetrodotoxin. 

Tetrodotoxin produced a significant reduction in the 
responses but they were not entirely eliminated. This 
may indicate that a minor portion of the contraction is 
due to direct muscle stimulation, that the nerves were 
not entirely inhibited by tetrodotoxin, or that there are 
some tetrodotoxin-insensitive nerves in the tissues. For 
studies of tissues from nonpregnant women, we were 
obliged to use verapamil to decrease spontaneous ac- 
tivity. Ideally it would have been better not to use this 
calcium channel blocker because it probably reduced 
muscle contractions by affecting both nerve and muscle 
excitation. However, attempts to reduce the activity by 
other means (decrease in temperature, indomethacin, 
and magnesium) were unsuccessful. It was obvious that 
the spontaneous activity does not originate from nerves 
because tetrodotoxin and none of the blocking agents 
had any significant effects (Fig. 1). 

From the functional study we obtained evidence that 
the myometrium is innervated by tetrodotoxin-sensitive 
excitatory nerves consisting of a-noradrenergic 
and cholinergic components. These conclusions were 
drawn because field stimulation responses were signif- 
icantly reduced by tetrodotoxin, phentolamine (an 
a-adrenergic receptor blocker), guanethidine (blocker 
of adrenergic transmission), and atropine (cholinergic 
receptor blocker). Generally, these results are in accord 
with previous stimulation studies,” '’ although previous 
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Fig. 14. Low-magnification electron micrograph of human myometrium at term pregnancy showing 


remnants of nerves (arrows) (X 5900). 


investigations have not been done in as much detail. 
The exact physiologic role of the nerves remains spec- 
ulative, but they may stimulate the myometrium to con- 
tract when appropriate. Nerve stimulation experiments 
either in vitro or in vivo cannot be taken as prima facie 
evidence for the involvement of nerves but should be 
interpreted only as an indication for the potential for 
control. 

Data from the structural studies support the infor- 
mation from the stimulation studies and suggest that 
the myometrium is innervated by adrenergic and cho- 
linergic nerves. We found many nerve terminal vari- 
cosities characteristic’ ® '° of noradrenergic (presence 
of small dense-cored vesicles) and cholinergic (small 
agranular vesicles) nerves. However, these data must 
be interpreted with some caution because small, dense- 
cored vesicles can sometimes lose their granules during 
fixation and thus resemble cholinergic varicosities. We 
also observed a minor portion of varicosities that con- 
tained predominantly large granular vesicles (Fig. 12). 
These could be peptidergic nerves that also have been 
previously reported in the uterus.’ However, it is evi- 
dent that these nerves do not seem to play a major role 
in the field-stimulated responses because the responses 
were almost entirely eliminated by adrenergic and cho- 
linergic blocking agents. In addition, no evidence was 
obtained for the presence of inhibitory nerves. Pro- 
pranolol did not increase the field-stimulated responses 
as one might expect if B-receptors were involved in 
inhibiting the muscle response. Some of the “indeter- 
minate fibers” (Table I) may be C fibers of the sensory 
nervous system. 

The field stimulation responses of term pregnant 


_— 


myometrium were not influenced by tetrodotoxin or 
any other agents (Fig. 7). This result suggests either 
that the nerves change in the pregnant state and be- 
come insensitive to tetrodotoxin or that they are less 
responsive to stimulation. Our data suggest the latter, 
and the structural information demonstrates that there 
are few of any type of nerves in the uterus during late 
pregnancy. Similar semiquantitative functional and 
structural data have been published previously.'''” It 
is unlikely that growth of the uterus during pregnancy 
will account for the structural and functional changes 
in the nerves as observed in this study. This point has 
been reviewed by Marshall,’ who concludes that all 
biochemical, morphologic, and functional studies in- 
dicate that nerves disappear in late pregnancy. Owman 
et al.” ’ and Thorbert'* have proposed, primarily in 
studies of guinea pigs, that the adrenergic nerves de- 
generate in the uterus, but not the cervix, near term 
in response to changes in steroid hormones or stretch. 
Our studies, in addition to being quantitative, suggest 
that all nerves (cholinergic, adrenergic, and perhaps 
peptidergic) disappear in the uterus. We were unable 
to make definitive determinations about nerve changes 
in the cervix. The exact signal for disappearance of the 
nerves is not known, but it is probably not related to 
progesterone levels because the concentration, at least 
in the plasma, does not change significantly in humans 
at term. 

Our studies of nonpregnant parous and nonparous 
women show a decrease in nerves and their responses. 
This could mean that regeneration of the nerves after 
pregnancy takes considerable time. We tried to corre- 
late the date of last pregnancy with the results obtained. 
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However, there was no apparent relationship between 
the presence of nerves and responses to the period 
between delivery and sampling. This could indicate that 
the nerves regenerate differently in different individ- 
uals. Another possibility is that the nerves regress con- 
siderably during the menstrual cycle and that the struc- 
tural and functional differences between the parous 
and nonparous groups are related to the cycle. How- 
ever, attempts to correlate the nerve changes to dates 
of the cycle also were not conclusive. Furthermore, 
there is no evidence that nerve structural changes of 
similar magnitude occur in other animals during the 
cycle or after hormonal changes. 

An additional unexpected finding was that no nerves 
were found in the myometrium in samples of two post- 
menopausal women, but nerves were present in the 
cervix. The exact physiologic significance of this finding 
also is not clear, but some of the uterine nerves are 
probably sensory and the absence of these nerves may 
be one reason why women experience little uterine pain 
once they reach menopause. 


We wish to thank Professor B. R. Lucchesi and 
Professor R. H. Gray for their excellent assistance. 
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Pharmacodynamic study of maturation and closure of human 


umbilical arteries 


Richard P. White, PhD 


Memphis, Tennessee 


The contractile effects of 19 factors on isolated human arterial segments at term pregnancy were 
quantified, and 14 contractile agents were similarly applied to preterm (23 to 35 weeks) umbilical arteries. 
Responses to potassium chloride were used to normalize the data. At comparison with the term vessel, 
the preterm artery contracted more to angiotensin I! and arachidonic acid and was more sensitive to 
oxytoxin. Contractions were greater in term arteries to vasopressin, norepinephrine, prostaglandin D,, and 
prostaglandin E, but similar in both group of arteries to bradykinin, histamine, acetylcholine, and 
prostaglandin F}. Neuropeptide Y, linoleic acid, uridine triphosphate, and thrombin were ineffective. 
Hyperoxia inconsisteritly induced weak, short-lived contractions. Contractions to cooling manifested 
marked desensitizaticn and tachyphylaxis. Serotonin was the only agonist that displayed the 
pharmacodynamic features most likely to be important for closure: potency, efficacy, and long duration of 
action (>2.5 hours). It was postulated that cellular elements surrounding umbilical vessels are primary 
sources of vasoactive agents that are important to closure of the fetoplacental circulation at birth. (Am J 
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It is characteristic among mammals for the umbilical 
cord to remain attached to the placenta for prolonged 
periods after birth. Closure of the extracorporeal cir- 
culation is therefore essential for survival, and the 
mechanism responsible for closure must operate for 
indefinite periods. Histologic and blood flow studies of 
humans indicate that arterial constriction is more im- 
portant than narrowing of the umbilical veins to clo- 
sure, that vasoconstriction peaks at about 45 seconds, 
and that flow decreases most at about 120 seconds after 
birth." * However, flow continues for at least several 
minutes beyond this point, during which time the pla- 
centa reportedly begins to detach from the uterus.” 

Previous studies concerned with the placental cir- 
culation have identified a number of diverse physio- 
logic stimuli that might contribute to, or elicit, closure 
of the extracorporeal circulation at birth. The stimuli 
studied include eicosanoids, norepinephrine, epineph- 
rine, acetylcholine, serotonin, histamine, bradykinin, 
angiotensin II, oxytocin, vasopressin, hemoglobin, hy- 
peroxia, and temperature.*’ Certain prostaglandins, 
serotonin, histamine, and bradykinin appear to be the 
most effective contractile agents, although bradykinin 
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may induce tachyphylaxis.* However, the identification 
of factors responsible for closure has been largely based 
on acute responses of umbilical vessels to stimuli, the 
responses often were not quantified, and the relevancy 
of the duration of the response to closure was not eval- 
uated. 

Since i increasing oxygen tension may elicit contrac- 
tion of umbilical vessels, some investigators have em- 
phasized the role oxygen might play in closure. The 
results are equivocal in that the vasoconstriction pro- 
duced by oxygeni is reportedly inconsistent and not sus- 
tained.*"® Although cooling umbilical vessels appears 
to reliably provoke constriction,® * ° the duration of 
this response has not been studied, and mammalian 
births often occur in hot environs. Many vasoactive 
agents have been suspected to play a role in closure, 
but the role played by desensitization and tachyphylaxis 
in reducing the effectiveness of those agents has not 
been systematically explored. 

The present pharmacodynamic study w was performed 
to characterize the contractile responses of mature um- 
bilical arteries to a wide range of stimuli, with special 
attention paid to the phenomena of desensitization and 
tachyphylaxis. Contractile responses produced by um- 
bilical arteries of preterm infants also were studied to 
ascertain whether the pharmacodynamic property of 
the artery changes significantly with maturation. 


Material and methods 


Handling of the arteries. The umbilical arteries were 
considered mature if the infant was =38 weeks’ ges- 
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Fig. 1. Dose-response curves comparing responses of preterm 
and term umbilical arteries to potassium chloride. Asterisks 
indicate significant difference between corresponding points 
(p < 0.05). 


tation. The outside diameter of 14 such arteries was 
2.23 + 0.08 mm. Premature arteries were obtained 
from 27 infants who were <35 weeks’ gestation. The 
average gestational length was 29.8 + 1.1 weeks, and 
the infants weighed 1472 + 142 gm (390 to 2540 gm). 
The outside diameter of the preterm arteries was 
1.26 + 0.16 mm. The vessels were routinely extirpated 
from the midportion of.the cord, except for a few ex- 
periments performed on umbilical arteries located 
within 5 cm of the abdominal wall. 

The lumen and outside of the arteries were washed 
with a physiologic salt solution and cleaned of super- 
fluous material. A 4 mm segment (ring) was cut and 
slipped onto two parallel prongs of a tissue chamber. 
One prong was fixed and the other movable, being 
attached to a transducer for recording the tension of 
the arterial segment. The chamber was filled with 10 
ml of the physiologic salt solution having the following 
composition (in millimoles per liter): sodium chloride, 
118; potassium chloride, 4.7; magnesium sulfate, 1.2; 
sodium bicarbonate, 25; potassium monophosphate, 
monobasic, 1.2; calcium chloride, 2.5; glucose, 11.0; the 
pH was adjusted to 7.4 by adding hydrochloride. A 
mixture of 95% oxygen and 5% carbon dioxide was 
used to routinely aerate the tissue bath and a buffer 
reservoir. The bath temperature was 37° C. The arterial 
segment was allowed to incubate for 1.5 hours, during 
which time it is washed with physiologic salt solution 
about every 20 minutes. This wash is an irrigation from 
the bottom of the tissue chamber to an overflow so that 
the arterial ring is not exposed to air during washout. 
Arterial tension was initially set at 2 gm by means of a 
fine-positioning device (FTA 1011, Hewlett-Packard). 
Additional tension was applied as needed at about 20- 
minute intervals in order to set a steady-state resting 


January 1989 
Am J Obstet Gynecol 


tone of 0.5 to 1.0 gm. One hour later the responsiveness 
and the stability of the response for each artery were 
tested at least three times with 10, 30, 50, and 90 
mmol/L potassium chloride until a stable response was 
achieved. 


Two tissue baths were used so that arterial segments 
from the same individual would be studied in duplicate. 
The type of experiment performea on each ring dif- 
fered so that any unknown peculiarity of an artery from 
one individual would not bias the overall findings. 

Drugs. The following drugs were obtained from 
Sigma Chemical Co., St. Louis: acetylcholine, angio- 
tensin II, arginine vasopressin, bradykinin, histamine, 
neuropeptide Y, norepinephrine, oxytocin, phenyleph- 
rine, serotonin creatine sulfate, thrombin, uridine tri- 
phosphate, sodium arachidonate, linoleic acid, and 
prostaglandin D,, Es, and F;,. These drugs were solu- 
bilized in distilled water, except that thrombin was dis- 
solved in 0.9% sodium chloride, linoleic acid in water 
to which IN sodium hydroxide was carefully added, 
and neuropeptide Y in physiologic salt solution. The 
serotonin creatine sulfate antagonist cinanserin used in 
one study was obtained from E. R. Squibb and Sons, 
Inc., Princeton, N. J. 

The maximum volume of the solutions added to the 
bath per experiment was 0.2 ml: The various vehicles 
used to dissolve the drugs were inactive. 

Basic experimental design. The agonists were ap- 
plied to the bath in increasing concentrations to give 
dose-response data. The concentrations applied ranged 
from 10-7 to 1074 mol/L, except for thrombin, which 
was applied as 0.1, 1.0, and 10 NIH units per milliliter. 
The magnitude of the response was observed for 15 
minutes, and its decay during that period was used as 
an index of desensitization. To determine whether the 
desensitization phenomenon persisted after the agonist 
was removed, the vessel was washed several times, and 
a period of 20 to 30 minutes elapsed to permit the 
artery to return to its original state. Then the agonist 
was applied again and the second response observed 
for 15 minutes. If the second response was statistically 
less than the first, the artery was considered to have 
manifested tachyphylaxis to the agent. 

Arteries that manifested complete tachyphylaxis to 
one agent, or failed to respond to a particular agonist, 


-were exposed in addition to 90 mmol/L potassium chlo- 


ride to ascertain whether the contractile mechanism was 
still operative. 

The maximum response to potassium chloride was 
used as a standard for comparing responses elicited by 
other agonists because it is independent of receptors 
and because of the great variation in contractile force 
generated among isolated arteries. Responses to the 
agonists were expressed as mean + SEM gram force 
or percent of maximum response to potassium chlo- 
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Fig. 2. Summary of acute effects of agonists. BK, Bradykinin; ANG, angiotensin II; OXY, oxytocin; 
AVP, arginine vasopressin; NPY, neuropeptide Y; Hist, histamine; 5-HT, serotonin creatine sulfate; 
ACA, acetylcholine; NE, norepinephrine; PGF;,,, prostaglandin Fa; PGE», prostaglandin E,; PGD,, 
prostaglandin D,; AA, arachidonic acid; LA, linoleic acid; UTP, uridine triphosphate. Asterisks indicate 
significant differences between average maximum response obtained in preterm and term umbilical 
arteries. Highest contraction and highest concentration shown may not always correspond because 
occasionally individual vessels responded best to a previous concentration. Except for NPY (n = 3), 
each bar graph represents 5 to 13 experiments. For clarity all SEM were omitted. Concentration of 
thrombin (0.1 to 10 U/ml) is not represented in legend. 


ride. The level of significance among the different re- 
sponses was assessed by the appropriate Student t test. 


Results 


Comparison of magnitude of responses by preterm 
and term arteries to agonists. Fig. 1 illustrates that the 
force (grams) of contraction elicited by potassium chlo- 
ride was on average significantly greater in the term 
artery than in the preterm vessel. Although it is evident 
from the standard errors shown that the magnitude of 
the responses varied considerably from one individual 
to another, the arterial reaction to potassium chloride 
in each was remarkably stable and did not exhibit tachy- 
phylaxis. 

Fig. 2 summarizes the responses elicited by agonists 
in preterm and term umbilical arteries. It is evident 
that the maximum contractile response elicited by bra- 
dykinin, oxytocin, histamine, serotonin, acetylcholine, 
and prostaglandin F», were comparable in both groups 
of arteries when normalized to potassium chloride. 
However, arginine vasopressin, norepinephrine, pros- 
taglandin E,, and prostaglandin D, produced signifi- 
cantly (p < 0.05) greater effects in the mature vessel 
than in the preterm one. 

On the other hand, angiotensin II and arachidonic 
acid produced significantly greater contractile re- 
sponses in the preterm artery than in the mature one. 


It should also be noted that at 10~® mol/L the preterm 
vessel was more reactive than the term artery to both 
angiotensin II and oxytocin. Increasing the concentra- 
tion tenfold produced no further response to angio- 
tensin II but increased the response to oxytocin sig- 
nificantly in the term artery (Fig. 2). 

In general, the response produced by 12 of the ag- 
onists at 107° mol/L was relatively weak, being only 
<50% of that obtained with potassium chloride (Fig. 
2). It is further evident that neuropeptide Y, uridine 
triphosphate, linoleic acid, and thrombin were not con- 
tractile agents in umbilical arteries. In contrast, bra- 
dykinin, histamine, and serotonin creatine sulfate pro- 
duced responses that were >50% of the potassium chlo- 
ride induced response at 107° mol/L. 

Decay of response with time and tachyphylaxis. In 
these experiments the decrease in the maximal con- 
tractile response that occurred over a 15-minute inter- 
val was used as an index of desensitization. After wash- 
out and time allowed for tone to return to precon- 
tracted levels, the agonists were applied a second time. 
Any decrement in the second response to the agonist 
over the first was taken as an index of tachyphylaxis. 
Table I summarizes the findings. 

The responses produced by all of the peptides (Table 
I) decayed significantly and most induced tachyphy- 
laxis. Moreover, the decay of the second response was 
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Table I. Comparison of maximum response, desensitization, and tachyphylaxis (recovery) elicited by 
agonists in preterm and term umbilical arteries* 






Response as % maximum response to 
potassium chloride 







Second maximum response as % 
potassium chloride 


Peptides 
Bradykinin Preterm 113.8-+:-21 2B ig 39.5 + 14* 
Term 107.2 + 25 42.6 + 6* .103.9 + 22 
Angiotensin II Preterm 314+ 17 10-3" 26.4 + 13 
Term 1.6 = 0.8 0.2 + 0.4 0.0* 
Oxytocin Preterm 28.8 + 9 5.025 2 | 3.8 + 0.7* 
Term 23.8 + 7 4.4 + 2* 0.5 + 0.4* 
' Arginine vasopressin Preterm 23.6 + 6 6.4 + 3* 11.4 + 4* 
Term 49.5 + 18 4.2 + 0.6% S220 2-9 
Vasoactive amines 
5-Hydroxytryptamine Preterm 134.9 + 18 94.5 + 22* 131.6 + 24 
Term 136.8 + 16 118.0 + 13 129.9 + 19 
Histamine Preterm .. 133.9 I3 51.7 + 17* 63.6 + 17* 
Term 97.6 + 15 42.9 + 14* 82.1 + 10 
Acetylcholine Preterm 44.6 + 14 5.8 3* 18.3 + 13* 
Term 56.3 + 17 17:549 32.0 + 16* 
Norepinephrine Preterm 0.0 0.0 0.0 
Term 39.7 + 16 Doc a2" 8.8 + 5.6* 
Fatty acids 
Prostaglandin Fy, Preterm 106.6 + 19 68.5 + 18 109.1 + 17 
Term 118.8 + 22 64.2 + 24 113.6 + 22 
Prostaglandin E; Preterm 71.2 + 16 27.4 12" $1.1 + 20% 
Term 119.1 + 21 36.7 = 9* 130.9 + 14 
Prostaglandin D; Preterm 63.4 + 2] 20.9 + 6* 34.1 + 15* 
Term 108.4 + 17 68.4 + 26 112.7 + 19 
Arachidonic acid Preterm 49.9 + 24 4.2 + 3% 0.8 + 0.9* 
Term 43+ 2 0.8 + 0.6 0.0 





*All responses expressed as percent of maximum response to potassium chloride; second response obtained after washout of 
first and basal tone had returned to precontracted state. Asterisks indicate significant (p<0.05) decay in response after 15 minutes 
or significant difference in magnitude of first response over second. Each response was based on six to nine experiments. Agonists 


ranked by class of drug and by efficacy in preterm arteries. 


more accelerated than the first, suggesting that tachy- 
phylaxis is an extension of the desenitization phenom- 
enon (data not shown). Fig. 3, B, illustrates the marked 
desensitization and tachyphylaxis produced by brady- 
kinin in one preterm artery. 

All vasoactive amines (Table I) except serotonin crea- 
tine sulfate significantly induced desensitization. In ad- 
dition, serotonin creatine sulfate was the only agonist 
whose effect persisted after washout, a phenomenon 
illustrated in Fig. 3, C. The persistent contraction after 
washout was evidently caused by serotonin creatine sul- 
fate because it was ultimately removed by frequent 
washings and because it could be completely reversed 
by 10-5 mol/L cinanserin. The marked desensitization 
and tachyphylaxis produced by norepinephrine in the 
term artery was replicated with phenylephrine. Phen- 
ylephrine was studied because it reportedly produces 
more prolonged responses than norepinephrine in 
most vessels and the type of a-adrenergic receptor ag- 
onist might affect the induction of tachyphylaxis. De- 
sensitization and tachyphylaxis to phenylephrine were 
nearly total (data not shown). 


Among the fatty acids (Table I), prostaglandin Faa 
clearly produced the best response in the preterm vessel 
and percentage-wise induced less desensitization than 
the other lipids (p < 0.05 compared at 15 minutes). 
Desensitization to sodium arachidonate was the most 
rapid. Preterm arteries, but not term vessels, became 
tachyphylactic to prostaglandins E, and D,. In the term 
artery the prostaglandins were essentially equal in ef- 
ficacy, although sodium arachidonate was ineffective. 
In general maturation enhanced the effectiveness of 
prostaglandins whereas it paradoxically reduced that 
of arachidonate acid. 

Because serotonin creatine sulfate was the only ag- 
onist not easily removed by washout and it failed to 
induce desensitization or tachyphylaxis, another pro- 


tocol was adopted to study serotonin creatine sulfate, 


in which the effect of either 107° (n = 6) or 107* (n = 6) 
mol/L was observed for 2.5 hours in term arteries. 
Contrary to expectation, desensitization to 107° mol/L 
was greater than that of 10~* mol/L (Fig. 4). The de- 
sensitization to 107° mol/L was not due to a refracto- 
riness because additional serotonin creatine sulfate pro- 
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Fig. 3. Recordings to illustrate different responses to agonists. Note sustained tonic phase of reaction 
to potassium chloride (A), which is readily removed with washout (W). Desensitization (BK Ist Trial) 
and tachyphylaxis (2nd Trial) to contractile effects of bradykinin are clearly evident in preterm (PT) 
vessel. Note that sustained contraction to serotonin creatine sulfate (5-HT) was difficult to remove 
by washout. The 20-minute marker applies only to 5-HT. 


duced a marked response (Fig. 4). Also, the more rapid 
decline obtained with the lower concentration was ap- 
parently not due to oxidation of serotonin creatine sul- 
fate in the bath because 10~° mol/L ascorbic acid pro- 
vided no protection against the desensitization phe- 
nomenon (n = 4). 

Cooling nine term umbilical arteries suddenly from 
37.5° C to an average of 19.4 + 0.6° C produced a 
contraction that was 48.2% + 5.1% of the maximum 
elicited by potassium chloride (5.1 + 0.9 gm). The cool- 
ing was achieved by a wash with 8° C buffer and main- 
tained for 10 minutes by use of a thermistor as a guide. 
The contraction, however, was not maintained and 
ceased between 5 and 10 minutes. The vessel was then 
warmed to 25° C and again cooled to see if less change 
in temperature might produce less of a response. Al- 
though the contraction was less, repeating this last pro- 
cedure several times produced progressively less effect 
(Fig. 5). Thus cooling produced both desensitization 
and tachyphylaxis in these arteries (Fig. 5). 

Cooling the arteries slowly (15 minutes) from 37.5° 
to 17° C by reducing the temperature of the water jacket 
failed to elicit a response. Moreover, the cooled arteries 
were not more sensitive or responsive to serotonin crea- 
tine sulfate in concentrations of 107° to 1075 mol/L 
(n = 6). 

Contractions produced by elevating oxygen content 
of tissue bath. In these experiments the maximum con- 
traction to potassium chloride was established, and later 


the concentration of oxygen aerating the artery was 
reduced from 95% to 0% (5% carbon dioxide in nitro- 
gen), 2%, or 8% for 1.5 hour and then increased sud- 
denly to 12% or 95%. As seen in Table II, 12 of 33 
arteries responded to hyperoxia (95% oxygen), but 
none responded when the concentration was changed 
from 8% to 12%. These later concentrations provided 
the vessel with near physiologic levels of oxygen with 
tath Po, concentrations of about 63 and 95 mm Hg, 
respectively, and represent percentagewise the least 
change in oxygen tension. The contractions elicited by 
higher changes in oxygen content were, nevertheless, 
inconsistent, relatively weak, and of short duration 
(Table IT). 

Incidence of responding arteries to agonists. The | 
agonists that elicited a response in each preterm artery 
tested were limited to bradykinin (11 of 11), acetylcho- 
line (8 of 8), histamine (8 of 8), serotonin creatine sul- 
fate (13 of 13), prostaglandin E, (9 of 9), and prosta- 
glandin F,, (9 of 9). However, the incidence of respond- 
ers to angiotensin II (9 of 11), oxytocin (11 of 12), 
arginine vasopressin (6 of 7), sodium arachidonate (4 
of 5), and prostaglandin D, (8 of 9) was high. No re- 
sponse occurred with norepinephrine (0 of 7), neuro- 
peptide Y (0 of 3), uridine triphosphate (0 of 5), or 
thrombin (0 of 7). 

The agonists that produced a response in all term 
vessels tested were bradykinin (35 of 35), arginine va- 
sopressin (10 of 10), acetylcholine (10 of 10), histamine 
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Fig. 4. Time course of tonic phase of contraction induced by 
107% or 1074 mol/L serotonin. Note that arteries exposed to 
107° mol/L (5-HT) manifested the greatest desensitization but 
nevertheless responded maximally to 107* mol/L at 150 min- 
utes. Asterisks represent significant differences between cor- 
responding points (p < 0.05). Numbers in parentheses are num- 
ber of experiments. 


(13 of 13), norepinephrine (11 of 11), phenylephrine 
(12 of 12), serotonin creatine sulfate (21 of 21), pros- 
‘taglandin D, (8 of 8), prostaglandin E, (11 of 11), and 
prostaglandin F» (20 of 20). Those that produced no 
or a low incidence of response were angiotensin II (4 
of 10), sodium arachidonate (1 ‘in 5), linoleic acid (1 of 
4), thrombin (0 of 9), and uridine triphosphate (0 of 
7). l 
The capacity of angiotensin II to elicit a higher in- 
cidence of response in the preterm artery (81.8%) than 
in the term one (40%) was unexpected as were the 
effects obtained with sodium arachidonate. The fact 
that many agonists produced responses in all arteries 
tested suggests that, in the absence of further analysis, 
these might be considered important to the closure phe- 
nomenon. 

Preliminary experiments performed on umbilical 
arterial segments from proximal portion of cord. To 
ascertain whether segments of the umbilical artery near 
the abdominal wall might differ pharmacodynamically 
from those located midway in the cord, arterial rings 
were excised from the proximal portion of the cord, 
within 5 cm of the abdomen. These cords were obtained 
from eight preterm and four term infants. The follow- 
ing compounds were applied to at least two arteries 
from different individuals: bradykinin, oxytocin, an- 
giotensin II, arginine vasopressin, histamine, norepi- 
nephrine, serotonin creatine sulfate, prostaglandins D, 
and E,, and thrombin. Since the responses produced 
did not differ in any obvious manner from those ob- 
tained from arterial segments more distal in the cord, 
these experiments were discontinued. 
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Fig. 5. Summary of desensitization (vertical axis) and tachy- 
phylaxis (repeat trials) of contraction induced by rapid cooling 
of term umbilical arteries. Cooling at first trial was from 
37° C; all other trials from 25° C. 


Comment 


Among the agonists studied, it is clear that serotonin 
possessed the pharmacodynamic properties most likely 
to be involved in closure of the extracorporeal circu- 
lation at birth. At a concentration of 107” mol/L it pro- 


duced consistently contractile responses that exceeded 


the maximum response to potassium chloride, indicat- 
ing marked potency and efficacy. The desensitization 
induced by serotonin was clearly less than that of any 
other agonist and tachyphylaxis to serotonin was not 
evident. Moreover, the responses to high concentra- 
tions of serotonin lasted for hours without significant 
decrement and the contraction was difficult to termi- 
nate with washout, suggesting a high affinity for the 
receptors of the arterial wall. 

The mast cells of the cord, which are abundantly 
associated with vessels, may be one source of serotonin 
for closure. It has been estimated that the concentration 
of an agonist in the area of effector cells may reach 
10-4 mol/L on the release of vesicles containing trans- 
mitters. If so, the concentration of serotonin released 
could be high and, in the absence of a notable circu- 
lation in the cord,-remain high. Mast cells also release 
histamine, heparin, platelet-activating factor, proteases, 
chemotactic factors, and a variety of eicosanoids (pros- 
taglandins D», E», D, and F», and leukotriene C,), among 
other agents. The potency, efficacy, and lack of tachy- 
phylaxis obtained with histamine suggest that it may 
also contribute significantly to closure, although the 
desensitization induced would appear to limit its effect 
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to the earlier phase of the phenomenon. The results 
obtained with histamine and especially with serotonin 
suggest that the identification of their source at birth, 
such as platelets or components of Wharton’s jelly, 
would provide a better understanding of the closure 
phenomenon. 

Although the only effect obtained by increasing ox- 
ygenation was vasoconstriction, the importance of oxy- 
gen to closure is equivocal. The response to a wide 
range of oxygen concentrations was relatively weak, was 
short-lived (about 7 minutes), and was not evident in 
most arteries (Table II). The highest incidence of re- 
sponse (60%) was obtained by changing the oxygen 
concentration from 8% to 95%, and this result agrees 
with a previous report.’ Lewis” reported that only 3 of 
11 perfused human umbilical arteries constricted with 
elevated oxygen levels. Eltherington et al.* performed 
similar experiments and remarked that the peak con- 
traction produced by oxygen was not sustained. Others 
have observed that increasing the oxygen supply to the 
umbilical arteries incrementally from 30 to 80 mm Hg 
or from 5% to 95% had little or no effect on the basal 
tone of the vessel. ° In contrast, constriction of the 
ductus arteriosus of the guinea pig, sheep, and cow to 
oxygen is a consistent finding.'*’> Nevertheless, in the 
cat the ductus arteriosus manifests tachyphylaxis to 
oxygen and in the dog there is no response.'* Thus 
responsiveness to oxygen varies with the species and 
the origin of the vessel. Our findings support the clin- 
ical arguments of others that oxygen is not the singular 
stimulus for closure of the umbilical circulation because 
pulsations of the cord may cease before birth and be- 
fore respiration and because the extracorporeal cir- 
culation will continue in animals whose respirations 
commence before placental detachment." 

Previous investigators® * 1° have shown that cooling 
the umbilical artery, whether perfused or studied in a 
tissue bath, produces vasoconstriction and that this re- 
sponse occurs even in arteries that are refractory to 
oxygen. Although this response might contribute to 
closure in cool climates, the present study shows that 
desensitization would limit the effect of cooling to only 
several minutes. The response was also subject to tachy- 
phylaxis and the cooled vessel was not more sensitive 
to serotonin. . 

Since the disclosure by Karim” that prostaglandins 
are formed by umbilical vessels and are vasoactive, 
other investigators have implicated metabolites of ar- 
achidonic acid as controlling factors of the placental 
circulation. Indeed, nearly all sodium arachidonate me- 
tabolites tested (prostaglandins Aj, Də, Es, Fia F2,), in- 
cluding the endoperoxides (prostaglandins G, and H3), 
constrict umbilical arteries or reduce umbilical cir- 
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Table II. Responses of term umbilical arteries 
to increases in oxygenation 


Change in oxygen (%) | No. per total responding 


0 to 95 4 of 13 
2 to 95 2 of 10 
8 to 95 6 of 10 
2 to 12 lof 4 

0 of 15 


8 to 12 


Mean contraction was 0.82 + 0.11 gm (+ SEM) and per- 
cent potassium chloride was 22.8 + 3.1 (+ SEM) ín = 13). 
Mean duration was 6.5 + 0.95 minutes (+ SEM); geometric 
mean was 5.55 minutes. 


culation®’ (Fig. 2). The exceptions are prostaglandins 
E, and I,, which produce diphasic effects; that is, low 
concentrations dilate and high ones constrict. 

The pharmacodynamics of the umbilical artery 
change as its branches penetrate the placenta and the 
change might be important to the closure phenome- 
non. The arterioles supplying term placental villi, for 
instance, constrict only to prostaglandin E,, constrict in 
the presence of sodium arachidonate, and respond best 
to angiotensin II.’ Since angiotensin II and sodium ara- 
chidonate were found to be more effective in the pre- 
term umbilical artery (Fig. 2, Table J), it is possible that 
the term arterioles retain some of the responses evident 
only in the immature parent vessel. Why sodium ara- 
chidonate failed to elicit responses in the mature artery 
is problematic, but there are several cellular pools of 
esterified sodium arachidonate and one incorporates 
exogenous sodium arachidonate slowly. This one may 
predominate in the mature vessel. In any case prosta- 
glandins are effective constrictor agents for both the 
umbilical artery and the villous arterioles. 

The endogenous production of eicosanoids by um- 
bilical vessels does appear to represent an intrinsic con- 
trol of vasomotion. This is most evident in the ductus 
arteriosus, which dilates to minute concentrations of 
prostaglandin E, and closes in the presence of cycloox- 
ygenase inhibitors. However, the role metabolites of 
sodium arachidonate play in closure shall remain un- 
clear until the source of these eicosanoids during clo- 
sure is identified. Previous reports indicate that the 
amount of prostaglandins formed by several milligrams 
of artery in 15 minutes or the amount that is present 
in the circulation would be insufficient to elicit the con- 
tractions we observed in vitro. Moreover, the stimuli 
requisite for eicosanoid synthesis have not been iden- 
tified. Angiotensin II, for instance, is a potent constric- 
tor of the villous arterioles and stimulates prostaglandin 
synthesis, but its effect is short-lived.’ Also, the most 
effective constrictor of umbilical arteries, serotonin 
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creatine sulfate, is unaffected by the presence of in- 
hibitors of synthesis.°.An unexplored possibility is that 
during detachment of the placenta, anoxia and pro- 
teinases, both stimuli for eicosanoid synthesis, yield a 


variety of vasoactive substances that constrict the resis- 


tance vessels of the villi. In this model placental vessels 
would be responsible for hemostasis at birth and the 
umbilical vessels would contribute secondarily to clo- 
sure. The report that hypoxia triggers constriction of 
the cotyledon vessels supports this posit. 


The absence of a contractile response to a serine 
protease (thrombin); to a substrate of lipoxygenase (lin- 
oleic acid), to a polypeptide (neuropeptide Y), and to 
a component of cells and platelets (uridine triphos- 
phate) indicates that such agents would be ineffectual 
in closure (Fig. 2). 

The relatively weak or ineffectual responses elicited 
by vasopressin, oxytocin, angiotensin II, acetylcholine, 
and catecholamines have been observed by others.** * 
These agonists are therefore poor candidates to me- 
diate closure. Moreover, the rapid decay of the re- 
‘sponses produced indicates that these agonists could 
contribute only to the earliest phase of closure (Table 
I). In this regard bradykinin was among the most ef- 
fective of the agonists studied, but the accelerated decay 
in the response after a second application indicates it 
also would not maintain constriction for prolonged pe- 
riods. Although the most important clinical feature of 
closure is that extracorporeal flow ceases 3 minutes af- 
ter birth, the fact that contracture of the cord vessels 
is reversible? indicates that closure is a dynamic function 
of vascular smooth muscle. Because this reversal is 
achieved in perfused cords, it is possible that some un- 
identified agent in cord blood maintains closure. 
Thrombin is apparently not one of these, but it is in- 
teresting that solutions of hemoglobin produce con- 
striction of perfused umbilical arteries.’ | 

Hillier and Karim" reported that preterm (13 to 24 
weeks) umbilical arteries failed to respond to prosta- 
glandins E,, F», F,,, and F,, and only a few responded 
to serotonin creatine sulfate. However, the highest con- 
centration of prostaglandin tested (0.6 g/ml) was 
about 2 x 107° mol/L, which the present study indi- 
cates is near threshold, and the vessels used herein were 
older (23 to 35 weeks). It also is not known whether 
the arteries they obtained from legally aborted fetuses 
responded to potassium chloride. In any case our find- 
ings agree that the responsiveness of the mature vessel 
to prostaglandins is greater than that of the preterm 
artery. Moreover, the consistent responses of intraab- 
dominal umbilical veins that are 21 to 23 weeks old to 
serotonin creatine sulfate and acetylcholine observed 
by Ehinger et al. support our findings that the con- 
tractile mechanisms of umbilical vessels are operative 
early in gestation. | 
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The comparative study further indicates that the re- 
ceptors or transductional mechanisms of vascular 
smooth muscle for contractile agonists can mature at 
different times during gestation and even wane with 
development. The contractile response to norepineph- 
rine, arginine vasopressin, and prostaglandins E, and 
D, was clearly most evident in the term artery, but the 
best responses to angiotensin II and sodium arachi- 
donate were confined to the preterm vessel (Fig. 2). 
On the other hand, similar responses were obtained in 
both sets of vessels with bradykinin, oxytocin, hista- 
mine, serotonin creatine sulfate, acetylcholine, and 
prostaglandin F,,. The greater force of contraction to 
potassium chloride in the mature vessel was expected 
and is probably related to muscle mass. 

Although the mechanism responsible for closure has 
not been identified, serotonin may play a pivotal role 
because it best exhibits the requisite pharmacodynamic 
properties of potency, efficacy, and duration of action. 
Elements of Wharton’s jelly and blood could be sources 
of this and other significant spasmogens. Some of these 
may act synergistically to effect closure, but further 
investigation is required to elucidate events that may 
trigger the release of the vasoactive agents. 


I appreciate the advice of Henrietta S. Bada, MD, 
and the expertise of Mrs. Gwendolyn Stornes and Mrs. 
Marion Johnson during this’ study. 
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The effect of estrogen on placental delivery after fetectomy 


in baboons 


Eugene D. Albrecht, PhD»; M. Carlyle Crenshaw, Je»? MD, and Gerald j. Pepe, PhD” 
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In baboons, the placenta remains in situ and functional with respect to the potential for aromatization after 
removal of the fetus (fetectomy). Fetectomy therefore was used to study effects of the fetus and estrogen 
on placental delivery. By term, serum estradiol levels in untreated, intact baboons had increased to 4 to 8 
ng/ml, and fetoplacental delivery occurred on day 184 + 1 (mean + SE). Fetectomy at midgestation 
resulted in a nondetectable serum estradiol level and a marked decline i In progesterone level; however, 
placentas were maintained in situ and were delivered on day 171 + 6. After fetectomy therefore the 

- initiation of placental delivery and, presumably, myometrial contractility did not require an elevation in 
estrogen. Administration of estradiol (1 to 10 mg/day) to baboons. after fetectomy resulted in normal serum 
estradiol concentrations, but placental delivery was prevented. When estrogen was discontinued on days 
215 to 250, the serum estradiol level declined, and placental delivery occurred on day 262 + 18, a value 
greater than in intact baboons or untreated baboons after fetectomy (0 < 0.001). Thus estrogen prevented 
placental delivery in baboons after fetectomy. (Am J OBSTET GYNECOL 1989;160:237-41.) 


Key words: Parturition, delivery, estrogen, fetus, baboon 


Although the presence of the fetus and increased 
estrogen levels may be important to the initiation of 
parturition in several nonprimate species,'® their roles 
have been less clearly defined in primate pregnancy. 
In women bearing anencephalic fetuses, the mean 
length of gestation did not differ significantly.from the 
normal gestational period,” although the incidence of 
premature and postmature births increased. Moreover 
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in most cases labor did occur in rhesus monkeys after 
fetal adrenalectomy‘ or experimental fetal anenceph- 
aly,’ although the precise timing of parturition was lost. 
Finally, when the fetuses of rhesus monkeys* 7 and 
baboons? were removed at midgestation and the pla- 
centa left in situ (fetectomy), delivery of the placenta 
alone occurred relatively close to normal term, al- 
though once again the timing of delivery was abnormal. 
It is suggested therefore that a normal, intact fetus is 
nct absolutely required for initiation of labor in pri- 
mates but that the fetus may be i important in regulating 
the precise timing of labor. 

Because circulating estrogen concentrations have 
been shown to increase with advancing primate ges- 
tation, and pregnancy was prolonged in rhesus mon- 
kevs by suppressing estrogen formation,’ it is suggested 
thet estrogen is important to the initiation of labor in 
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Fig. 1. Maternal peripheral serum concentrations of estradiol 
and timing of delivery in five baboons during second half of 
normal pregnancy. P, Day of spontaneous fetoplacental de- 
livery. 


primates. Myometrial contractility was enhanced by es- 
trogen, and the onset of uterine contractions, which 
normally precedes delivery, was suppressed by the aro- 
matase inhibitor 4-hydroxyandrostenedione.'” How- 
ever, others found that the timing of spontaneous de- 
livery in rhesus monkeys was not altered when estrogen 
formation was inhibited with dexamethasone"! and that 
estrogen administration did not elicit premature deliv- 
ery in pregnant baboons” or rhesus monkeys.’ 

The relationship of the fetus and estrogen to the 
onset of parturition in primates therefore is unclear. 
Because the placenta remains in situ® and functional 
with respect to aromatization" after fetectomy in ba- 
boons, fetectomy appears to be a valuable model to 
study the initiation of placental delivery (myometrial 
contractility). Therefore in the present study we used 
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Fig. 2. Maternal peripheral serum concentrations of estradiol 
and timing of placental delivery in six baboons after fetectomy 
at midgestation. P, Day of spontaneous placental delivery. 


this approach to simultaneously evaluate the effects of 
estrogen and the présence of the fetus on the timing 
of placental delivery in baboons, 


Material and methods 

Female baboons (Papio anubis), weighing 13 to 15 kg, 
were paired with male animals for 5 days at the antic- 
ipated time of ovulation, as estimated by menstrual cy- 
cle history and turgescence of external sex skin. Preg- 
nancy was confirmed on day 18 of gestation by deter- 
mining the presence of chorionic gonadotropin in 
urine with the nonhuman primate pregnancy test kit 
supplied by the National Institutes of Health. Baboons 
were bled at 1- to 2-day intervals between day 80 of 
gestation and term. From 12 noon to 2 Pm a 5 ml blood 
sample was withdrawn from a maternal saphenous vein 
via a 21-gauge needle. Bleeding was done after the 
animals were briefly restrained and sedated with an 
intramuscular injection of 100 mg ketamine hydro- 
chloride (Ketalar, Parke Davis Co., Detroit, Mich.). Se- 
rum was assayed by specific radicimmunoassays for es- 

tradiol and progesterone, as described previously.* 
To assess the effect of the fetus on placental delivery, 
baboons underwent fetectomy at midgestation. On days 
100 to 105 of gestation, 10 animals were anesthetized 
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with ketamine hydrochloride (6 mg/min) and acetyl- 
promazine (0.6 mg/min), administered intravenously 
via a catheter inserted into a saphenous vein. After 
laparotomy and hysterotomy, the fetus was exterior- 
ized, the umbilical cord was ligated with braided silk 
then severed midway between placental and fetal at- 
tachments, the fetus was removed, and the placenta was 
left in situ. Baboons that underwent fetectomy either 
were not further treated (n = 6) or were injected sub- 


cutaneously with estradiol benzoate in increasing doses © 
(1 to 10 mg in 0.5 ml sesame oil per day) daily after | 


removal of the fetus (n = 4). To assess the effect of 
exogenous estrogen on delivery in intact female ba- 
boons, four baboons were injected subcutaneously with 
estradiol benzoate in increasing doses of 1 to 35 mg in 
0.5 ml sesame oil per day between day 150 of gestation 
and term. Five female baboons served as controls and 
received no treatment. All animals were allowed to 
spontaneously deliver newborns and placentas. 


Results 


In untreated control baboons serum estradiol lev- 
els increased with advancing gestation, attaining con- 
centrations ranging from 4 to:8 ng/ml near term. 
Fetoplacental delivery occurred on day 184 + | 
(mean + SE, Fig. 1}, which corresponds to the mean 
length of gestation fer our baboon colony. Within 10 
to 12 days after fetectomy, serum estradiol concentra- 
tions declined to and remained at very low or nonde- 
tectable values of <0.10 ng/ml (Fig. 2). Placentas in 
four of these baboons were maintained in situ, then 
spontaneously delivered relatively close (day 181 + 2) 
to the normal interval of gestation for intact animals. 
In two of the animals that underwent fetectomy, pla- 
cental delivery occurred on days 150 and 152. Mean 
(+ SE) timing of delivery in all six animals occurred on 
day 17] + 6. 

After fetectomy, supplementation of baboons with 
estrogen, in doses that resulted in peripheral serum 
estradiol concentrations that were similar to or slightly 
greater than concentrations in normal pregnancy, pre- 
vented placental delivery (Fig. 3). Thus, unlike spon- 
taneous delivery of placentas at an interval close to that 
of normal pregnancy in baboons that underwent fe- 
tectomy but did not receive estrogen, the placentas were 
not delivered in animals while estrogen administration 
was continued and serum estradiol concentrations re- 
mained elevated (Fig. 3). When estrogen treatment was 
discontinued, on days 215 to 250 of gestation (mean of 
240 days), peripheral serum estradiol concentrations 
declined and placental delivery occurred. Mean (+ SE) 
length of gestation for these baboons therefore was 
262 + 18 days, a value greater than that for intact an- 
imals or untreated baboons after fetectomy (p < 0.001, 
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Fig. 3. Maternal peripheral serum concentrations of estradiol 
and timing of placental delivery in four baboons after fetec- 
tomy at midgestation and administration of daily subcuta- 
neous injections of estradiol benzoate thereafter. 


analysis of variance with multiple comparison by the 
least significant difference method). 

In intact animals treated with estrogen, thè mean 
length of gestation was 184 + 2 days, which was not 
significantly different from that in untreated controls. 
Serum estradiol concentrations in these animals also 
increased with advancing gestation, attaining a maxi- 
mum of 8 ng/ml near term (data not shown). 

Data on serum progesterone concentrations during 
the final 30-, 5-, and 1-day intervals immediately pre- 
ceding delivery for animals of the present study are 
summarized in Fig. 4. Mean serum progesterone con- 
centrations between day 80 and term of normal preg- 
nancy approximated 7 to 8 ng/tnl; although proges- 
terone levels fluctuated from day to day, no significant 


_ progressive rise or fall occurred during the final 30 


days (Fig. 4), as we have shown previously.'? Within 10 
to 12 days after fetectomy, serum progesterone con- 
centrations declined and remained at levels that were 
20% to 25% of normal (Fig. 4). Serum progesterone 
concentrations in baboons that underwent fetectomy 
and received estrogen also were low and remained con- 
stant throughout the final 30-day interval preceding 
delivery of the placenta. Serum progesterone concen- 
trations in intact baboons that received estrogen were 
similar to concentrations in untreated, intact animals 


(data not shown). 
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Fig. 4. Mean (+SE) maternal peripheral serum progesterone (P) concentrations during final 30-, 
5-, and ]-day intervals immediately preceding delivery in untreated, intact baboons and animals that 
underwent fetectomy and preceding cessation of estrogen treatment or placental delivery in estrogen- 


treated baboons after fetectomy. 
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Fig. 5. Timing of delivery of (1) fetus and placenta ın intact 
baboons that were untreated (control) or treated daily with 
‘estradiol benzoate (intact + estrogen) and (2) placenta only in 
baboons after fetectomy at midgestation and not further 
treated ‘(fetectomy) or treated with estradiol benzoate daily 
thereafter (fetectomy + estrogen). 


Comment 


During normal baboon pregnancy and in the pres- 
ence of elevated concentrations of estrogen, length of 
gestation is 184 days. As we have shown previously* 
and as confirmed in the present study, when the fetus 
is removed and there is an associated marked and sus- 


tained decline in peripheral serum concentrations of — 


estrogen and progesterone, placentas that are main- 
tained in situ are delivered relatively close to the normal 
interval of gestation. This occurred in four of the ba- 
boons in this study (Fig. 5). In two of the animals that 
underwent fetectomy, delivery occurred earlier than 
normal. Although placental delivery occurred relatively 
close to normal term in most baboons that underwent 
fetectomy and were not supplemented with estrogen, 
the daily administration of estrogen after fetectomy 
prevented placental delivery (Fig. 5). It was also evident 
that ceasing to administer estrogen after fetectomy to 


baboons several weeks past normal term permitted 
eventual delivery of the placenta. 

It is not obvious from the present study what factors 
were involved in maintaining the placenta in situ or in 
initiating delivery of the placenta after fetectomy when 
estrogen was not administered. Apparently, when es- 
trogen was not administered, the initiation of myo- 
metrial activity, which presumably preceded placental 
delivery, did not require an elevation in estrogen pro- 
duction, at least as assessed in peripheral circulation. 
In fact, because exogenous estrogen prevented placen- 
tal delivery in the absence of the fetus, it appears that 
this event occurred close to the normal time in baboons 
that underwent fetectomy but did not receive estrogen, 
because circulating estrogen was absent. Delivery also 
did not result solely from a decline in progesterone, 
because peripheral serum progesterone concentrations 
were correspondingly low in untreated baboons and in 
those treated with estrogen after fetectomy in which 
placental retention was prolonged. Indeed we have pre- 
viously shown in intact baboons that the administration 
of the antiestrogen ethamoxytriphetol (MER 25) caused 
a 50% decrease in peripheral serum concentrations of 
progesterone, but had no effect on the length of 
gestation’? when the fetus was present. 

It is possible that the loss of estrogen and progester- 
one over an extended interval after removal of the fetus 
may have facilitated the production and secretion of 
other hormones or factors, which then triggered myo- 
metrial contractility and placental delivery near the 
normal time. For example, prostaglandins and oxytocin 
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can initiate myometrial contractility and thus labor, but 
these hormones were not examined in the baboons used 
in the present study. Therefore it is not known whether 
placental delivery after fetectomy in animals that are 
not treated with estrogen is associated with a change in 
the secretion of these compounds. However, adminis- 
tration of estrogen, which has been shown to enhance 
the formation of prostaglandins“ and receptors for 
oxytocin,” prevented rather than initiated delivery 
of placentas in baboons after fetectomy. In rhesus 
monkeys’? serum placental lactogen concentrations re- 
main elevated after fetectomy, but we did not examine 
the possible effects of estrogen on lactogen concen- 
trations. 


Although the underlying factors specific to the ini- 
tiation of placental delivery in primates after fetectomy 
are unknown, it is clear that this event is indigenous to 
the mother, placenta, and residual membranes. It is 
possible that the near-term fetus normally is respon- 
sible for initiating parturition, when concentrations of 
estrogen are comparable to those attained by admin- 
istration of estrogen to baboons after fetectomy. 

Because of the obvious inherent limitations associ- 
ated with the removal of the fetus and the concurrent 
loss of estrogen and progesterone, we can only discuss 
the results of the present study within the context of 
the experimental animal preparation. Additional stud- 
les are required to definitively determine the interac- 
tion of the fetus and estrogen with respect to normal 
parturition and the relative applicability of the fetec- 
tomy preparation to the study of the mechanisms un- 
derlying normal initiation of myometrial contractility 
and onset of labor. However, placentas remained viable 
after fetectomy and were delivered acutely, in associ- 
ation with substantial bleeding. The placentas also re- 
tained the potential for aromatization, because a nor- 
mal pattern of estrogen formation was elicited after 
removal of the fetus by an acute bolus injection of de- 
hydroepiandrosterone.'* Moreover, we (Sinosich M; 
Waddell BJ, Pepe GJ, Albrecht ED. Unpublished data, 
1987) have recently shown that the peripheral serum 
concentrations of pregnancy-associated placental pep- 
tide A also remained elevated after removal of the ba- 
boon fetus, further substantiating placental viability 
and function. Therefore we suggest that, despite ap- 
parent limitations, fetectomy in the baboon provides a 
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valuable model for study of the mechanisms regulating 
uterine contractility and thus delivery of the placenta. 
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The effect of continuous or pulsatile administration of 


oxytocin to ewes at 126 to 136 days’ gestation on myometrial 


activity and fetal oxygenation 


G. Pimentel, DVM, E. R. Poore, DPhil, and P. W. Nathanielsz, MD, PhD 


Ithaca, New York 


Oxytocin was infused either continuously or in pulses to pregnant ewes to compare the responses of 
myometrial activity (contractures) and changes in fetal arterial Po,. Group 1 (n = 5) was infused with 
saline solution throughout the experiment. In group 2 (n = 5) oxytocin was infused continuously (160 


wU + kg-'+ min=') for 7 days whereas group 3 (n = 5) ewes received 960 pU - kg~'- min~' for 5 minutes 
every 30 minutes for 7 days. Contracture frequency increased in both oxytocin-infused groups. With 
continuous infusion contracture frequency returned to preinfusion levels during the last 4 days of infusion, 
whereas with pulsatile infusion contracture frequency remained increased throughout the infusion period. 
Fetal arterial Po, was decreased throughout the 7 days of infusion in both oxytocin-infused groups. 
Pulsatile group fetal arterial Po, levels remained decreased after the oxytocin infusion was stopped. These 
findings show: (1) Myometrial response to oxytocin in late pregnant ewes is influenced by the mode of 
administration; (2) administration of oxytocin to pregnant ewes resulted in a decrease in fetal Po,, and thus 
fetal hypoxemia cannot be attributed exclusively to increased contracture frequency. (AM J OBSTET 


GYNECOL 1989;160:242-7,) 


Key words: Oxytocin, myometrial activity, fetal oxygenation 


Myometrial contractility has been demonstrated 
throughout most of pregnancy in sheep’* and other 
species.*° This activity can be identified as periods of 
increased myometrial electrical activity by recording the 
myometrial electromyogram or changes in intrauterine 
pressure. Throughout most of pregnancy, this activity 
takes the form of contractures, which have been. de- 
fined on the basis of intrauterine pressure changes’ and 
. electromyographic activity. Contractures have been 
` defined as a rise in intrauterine pressure of more than 
3.5°mm Hg above baseline levels lasting at least 5 
_ minutes! or an episode of myometrial activity lasting at 
least 3 minutes before the occurrence of 16 seconds or 
more during which the signal is below threshold.: The 
mechanisms that regulate contractures have not been 
determined. 

Contractures have been associated with a fall in fetal 
vascular Po,,! decrease in uterine blood flow,’ and 
changes in the fetal behavioral state as reflected by 
breathing movements and fetal eye movements.” It has 
been hypothesized that contractures may stimulate the 
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fetus by decreasing fetal arterial PO, or by acting as a 
sensory stimulus.® ° Oxytocin administration to the 
pregnant ewe will increase the frequency of contrac- 
tures. The present study was designed to evaluate any 
differences in the response of the pregnant ovine myo- 
metrium when oxytocin is administered intravascularly 
to the ewe as a continuous or pulsatile infusion and 
determine if there is a change in fetal arterial Po, con- 
comitant with a chronic increase in myometrial activity. 


Material and methods 


Fifteen pregnant ewes of known gestational age were 
used in this study. Surgery was performed at 110 to 
122 days of gestational age. The weight of the ewe 
ranged from 50 to 75 kg. At surgery catheters were 
placed in the fetal carotid artery and jugular vein for 


blood sampling and in the amniotic cavity for the ad- 
ministration of antibiotics. Catheters were also placed 


in the maternal carotid artery, jugular vein, and uterine 
veins. Electrodes were placed at two sites in the uterine 
muscle on the ventral surface of the pregnant horn to 
record electromyographic activity. In five of the animals 
an extra catheter was placed in the fetal trachea for the 
measurement of intrathoracic pressure, and electrodes 
were placed to record fétal electracortical and fetal elec- 
troocular activity. Data obtained from fetal tracheal 
pressure and electrocortical and electroocular activity 
will not be presented here. The surgical and animal 
maintenance techniques have been previously de- 
scribed in detail.’ 

At least 5 days were allowed between surgery and 
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Table I. Mean value for the preinfusion period used for the normalization of the different parameters 
analyzed (mean + SEM); no significant difference betwéen any of the groups; all infusions given via the 
maternal jugular vein. Saline group received a continuous infusion of saline solution, 10 ml day; the 
continuous -infusion group received oxytocin (160 wU - kg' - min”) for 5 minutes every 30 minutes; 
oxytocin-infused groups received 40 ml of saline solution/day | | 


Saline Continuous 


Contracture fre- 7.6 + 1.04 
quency per 6 hr . 
Fetal carotid arterial 26.1 + 1.68 
Po, (mm Hg) . 
Fetal carotid arterial 10.4 + 0.15 

hemoglobin con- 
centration 
(gm/dl) 
Fetal carotid arterial 45.8 + 0:76 
Pco, (mm Hg) 
Fetal carotid arterial | 7.36 + 0.007 


pH 


Pulsatile 
8.9 + 1.09 7.2 + 1.38 
25:7 + 1.56 23.2 + 0.98 
9.10 + 0.94 11.52 + 0.28 
45.4 + 0.84 47.2 + 0.64 
7.37 + 0.004 7.37 + 0.004 


00 Maaa a a I I IŘħŘ  ALULA 


thé bėginning of the experiment. _ All infusions were 
administered via the maternal jugular vein and con- 
tained 50 U of heparin: ml~'. Three experiniental 
groups were used. Ewes in group 1 (saline solution 
group) were infused with. physiologic saline solution 
(0.9% NaCl w/v) throughout the whole experimental 
period (n = 5). Ewes in group 2 (continuous group) 
were infused continuously with oxytocin (VEDCO 
Inc., Overland Park, Kan.) at the rate of 160 
WU - kg™'- min`’, for 7 days (n = 5). In group 3 (pul- 
satile group), oxytocin was infused in pulses at the rate 
of 960 uU : kg™' : min~’ for 5 minutes every 30 min- 
utes for 7 days (n = x During the infusion of oxytocin, 
groups 2 and 3 received 40 ml - day~! of oxytocin so- 
lution adjusted to the appropriate strength. The in- 
fusion period (7 days) was preceded by a preinfusion 
baseline period of 3 days and followed by a postinfusion 
period of 4 days, during which saline solution was in- 
fused to all animals. For purposes of analysis, the in- 
fusion period was divided into two, days 1 to 3 and 
days 4 to 7. All saline infusions were at 10 ml - day~'. 
In groups 2 and 3 oxytocin infusion was started at 
9:30 pM on days 126 to 129 of gestation. 

Daily blood samples (0.5 ml) were obtained from the 
fetal carotid artery for the measurement of Po,, PCO», 
hemoglobin, and pH by means of a Radiometer ABL2 
blood gas analyzer. All samples were taken between 
10:30 and 11:00 am and at 25 minutes after the begin- 
ning of an oxytocin pulse in group 3. In the other two 
groups the fetal blood sample was taken at the same 
time, regardless of the contractile state of the myo- 
metrium. 

Myometrial electromyogram was recorded continu- 
ously throughout the experiment. A contracture was 
defined as an epoch of myometrial electromyographic 
activity lasting at least 3 minutės before the occurrence 
of 16 seconds or more, during which the signal was 
below threshold.* A single mean data point for con- 


tracture frequency was calculated for four 6-hour pe- 
riods each day beginning at 5:00 pM, 11:00 pm, 
5:00 am, and 11:00 am. 

To obtain preliminary data for future studies, some 
ewes were euthanized at the conclusion of the present 
study to obtain fetal tissues. Other ewes were allowed 
to deliver to determine if there were any long-term 
effects on delivery. 

Statistical analysis. For the purpose of analysis, the 
experimental period was divided into four sections: (1) 
preinfusion period (3 days for fetal blood gases and 48 
hours for uterine activity), (2) oxytocin 1 (first 3 days 
cf infusion) to assess the initial response, (3) oxytocin 
2 (remaining 4 days of infusion) to examine longer term 
effects, and (4) postinfusion period (4 days for fetal 
blood gases and 48 hours for uterine activity). Because 
of individual animal variation, contracture frequency 
and fetal blood gases were normalized, with the mean 
value for the 3-day preinfusion period considered to 
be 100% (Table I): An initial two-way analysis of vari- 
ance was performed to determine whether there was a 
treatment effect. To permit statistical evaluation of 
changes during the periods of oxytocin infusion, the 
baseline values (méan + SEM) for the 3-day baseline 
period were compared with the various infusion peri- 


_ ods by means of the unpaired Student ¢ test with the 


Bonferroni correction for multiple comparisons. 

Comparisons were carried out within each experi- 
mental group, and statistical significance was assessed 
at the p <.0.017 level, since each test involved -hree 
comparisons. Analysis comparisons among groups for 
each time period (p < 0.017) were also carried out. 
Data are presented throughout as mean + SEM. 


Results 

Outcome of animal preparations. Details of the 15 
arimals used in the study are shown in Table II. When 
ewes were allowed to deliver, the mean gestational age 
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Table Il. Details of individual preparations; all infusions given via the maternal jugular vein; saline group 
received a continuous infusion of saline solution, 10 ml day; continuous infusion group received oxytocin 
(160-~U - kg? > min") continuously, and the pulsatile group received oxytocin (960 pU - kg? > min") for 5 
minutes every 30 minutes; the two oxytocin-infused groups received 40 ml saline solution/ day; necropsy 
was performed on some fetuses after euthanasia, and others were allowed to be delivered spontaneously; 
all fetuses were alive at the time of necropsy or spontaneous delivery 





















GA at 
delivery 


GA at start 
oxytocin 
(days) . 


GA at 
surgery 






GA at. 
necropsy 
(days) 


Experimental 
| group 








Animal. No. 





l ` 152 Saline 
204 119 129* l 147 Saline 
205 118 129* I 146 Saline 
341 117 127* 1 136 Saline 
343 118 127* l 136 Saline 
175 110 128 l 147 Continuous 
182 119 126 2 139 Continuous 
184 121 127 2 150 Continuous 
219 122 129 I 145 Continuous 
368 119 127 I 137 Continuous 
237 117 129 2 150 Pulsatile 
238 117 128 2 143 ; Pulsatile 
257 118 128 l 139 Pulsatile 
360 118 127 l 137 Pulsatile 
362 119 127 l 137 Pulsatile 





GA, Gestational age. 
*This gestational age corresponds to the gestational age at the beginning of the period of analysis in the saline group, which 
was equivalent to the start of the oxytocin infusions in the other two groups. 


at the time of delivery was 148.3 + 1.86 days of ges- observed in both groups of ewes infused with oxytocin 
tation for the ewes in the saline solution group and was significantly higher than the frequency observed 
147.0 + 1.38 days for the ewes infused with oxytocin in the saline group during the first 3 days of oxytocin 
(continuous or pulsatile). infusion. However, during the last 4 days of infusion, 
_ Contracture frequency. Fig. 1 shows the mean con- the contracture frequency increased significantly above 
tracture frequency, which is represented as a percent- the saline group only during pulsatile infusions. 
age of the preinfusion period, for the three groups of Fetal blood gases 
animals. The saline-infused ewes (saline group) showed Fetal Po,. Fetal arterial Po, levels for the three groups 
no change in the contracture frequency parouenout the of animals, which are represented as a percentage of 
whole experimental period. preinfusion values, are shown in Fig. 2. No changes 
The contracture frequency in the animals afed were observed in fetal carotid arterial PO, throughout 
with oxytocin continuously was significantly increased the entire experimental period in the animals in the 
(164%) during the first 3 days of oxytocin infusion, but © saline solution group. 
returned to preinfusion frequency levels during the last When oxytocin was administered to the ewe as a con- 
4 days of oxytocin administration (114%). The fre- tinuous infusion, a significant decrease in the fetal Po, 
quency observed in the postinfusion recovery period to 89% and 88% of preinfusion values was observed 
was 79%, but this level of activity was not significantly for the first 3-day period and for the last 4-day period 
different from preinfusion levels. of oxytocin infusion, respectively. During the postin- 
When the ewes were infused with oxytocin in a pul- fusion recovery period, fetal Po, values (101%) had 
satile manner, a significant rise in contracture fre- returned to preinfusion levels. 
quency to 223% of baseline was observed during the In the animals in the pulsatile administration group, 
first 3 days of infusion. The mean level of activity for fetal Po, values had decreased to 84% of baseline dur- 
the last 4 days of infusion was 199%, which was not ing the first 3 days of oxytocin infusion. A further de- 
statistically different from the frequency during days crease to 73% was observed during the last 4 days of 
1 to 3, although still significantly above the preinfusion infusion. After the oxytocin infusion, during the 4 days. 
control values for this group. When the oxytocin in- of recovery, fetal Po, levels (79:4%) were still signifi- 
fusion was stopped, the mean contracture frequency cantly lower than those observed during the preinfu- 
returned to a level (147%) that was not significantly sion periods. 
different from the preinfusion frequencies observed. When statistical analysis was done to compare the 
When the three experimental groups were compared three groups of animals for each time period, a signif- 


within the same time period, the contracture frequency icant difference was found between the saline solution 
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Pre-infusion Oxytocin-1 Oxytocin-2 Post-infusion 


Fig. 1. Frequency of myometrial contractures expressed as a percentage of the control frequency 
before intravenous infusion to the pregnant ewe-of either saline solution (saline group, n = 5 C0), 
oxytocin continuously at 160 pU -kg~!- min (continuous group, n = 5 EM), or oxytocin in a 
pulsatile manner at 960 wU - kg™' - min`" for 5 minutes every 30 minutes (pulsatile group, n = 5 
Et). Data are expressed as mean # SEM: Within group analysis, *p < 0.017 when compared with 
the premfusion period for the same group. Between group. analysis: #p < 0.017 for pulsatile and 
continuous groups when compared with saline group. Oxytocin 1, first 3 days of oxytocin infusion; 


oxytocin 2, last 4 days of oxytocin infusion.. 


`- 


eH 


Fetal carotid arterial pO, % pre-infusion values 





_Pra-infusion  Oxytocin-1,  ’ Oxytovin-2  Post-intusion 


r 


Fig. 2. Fetal carotid arterial Po, expressed as a percentage of the values observed before infusion 
to the pregnant ewe of either saline solution (saline group, n = 5C), oxytocin.continuously at 160 
l HU + kg™’ + min”! (continuous group, n = 5 BM), or oxytocin’in a pulsatile manner at 960. 
aU - kg`Ì min~! for 5 minutes every 30 minutes (pulsatile group, n = 5 Æ). Data are expressed 
as mean + SEM. Within group analysis: *p < 0.017 when comparéd with, the preinfusion period 
for the same group: Between group analysis: p < 0.017 for pulsatile group compared with saline 
- group; p < 0.017 for pulsatile group when compared with continuous group. Oxytocin 1, first 3 
days of oxytocin infusion; oxytocin 2, last 4 days of oxytocin infusion, ` 
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and pulsatile groups during the last 4 days of oxytocin 
infusion and the postinfusion recovery period. Also, 
the mean PO, levels of the continuous and pulsatile 
groups were significantly different during the postin- 
fusion period. 

Fetal pH and PCO,, and hemoglobin concentration. No 
changes were observed in fetal carotid pH, Pco,, and 
hemoglobin concentration throughout the entire ex- 
perimental period for the animals in the saline and 
pulstile groups. The only significant change in the fe- 
tuses of the animals in the continuous group was a 
- significant increase in the Pco, levels during the first 
3 days of oxytocin infusion, ‘from 45.4 + 0.84 to 
49:4 + 0.64 mm Hg. The pH and nonce ue 
remained unchanged. 


Comment ~ 


Our observations show that the response of the myo- 
metrium in the pregnant ewe to the intravenous in- 
fusion of oxytocin for 7 days is influenced by the mode 
of its administration. Continuous infusion of oxyto- 
cin leads to tachyphylaxis of myometrial contractility, 
whereas the administration of the same dose in a pul- 
satile regimen does not result in myometrial tachyphy- 
laxis. One potential explanation for our observations 1 1s 
that the continuous administration of oxytocin may re- 
sult in down- regulation of its receptors, whereas pul- 
satile administration seems to allow. for receptor re- 


generation. This suggestion is supported by the work | 


of Flint and Sheldrick,” who observed that the contin- 
uous administration of oxytocin to the cycling non- 
pregnant ewe resulted in a decrease. in prostaglandin 
F,,, production as a result of down- -regulation of uterine 
oxytocin receptors. Mitchell et al." have demonstrated 
that oxytocin is released in a pulsatile fashion during 
pregnancy in sheep. Thus pulsatile administration may 
more closely resemble the physiologic state. 

Previous studies have shown that spontaneous con- 
tractures'’ and contractures’ induced by exogenous 
oxytocin? or xylazine were accompanied by a fall in 
fetal intravascular Po». In- the present study the ad- 
ministration of oxytocin to ‘the pregnant ewe resulted 
ina decrease i in fetal arterial Po, levels: This fall in fetal 
Po, was more pronounced, even if not significantly dif- 
ferent, in animals’ undergoing the pulsatile regimen. 
Another difference between the two groups of animals 
was observed during the postirifusion recovery period. 
In the continuously infused, ewes, fetal Po, had te- 
turned -to preinfusion levels the day after oxytocin ad- 
ministration was discontinued, whereas i in animals un- 
dergoing the pulsatile regimen, ‘fetal Po, levels ‘re- 
mained below those observed during the pression 
period. 

The fetal hypoxemia observed during oxytocin in- 
fusion cannot be exclusively attributed to an increase 
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in contracture frequency, since the fetuses in the con- 
tinuous infusion group remained hypoxemic when the 
uterine muscle seemed to no longer respond to the 
oxytocin stimulus. Also, the fetuses in the pulsatile 
group remained hypoxemic even when oxytocin was 
no longer administered. It has been previously dem- 
onstrated that oxytocin does not cross the placenta," 
and thus the effects we have demonstrated in fetal Pos 
are probably not the result of a direct action on the 
fetus.. Oxytocin may have some other effects on the 
pregnant uterus that might explain the observed fetal 
hypoxemia. For example, it may alter prostaglandin 
metabolism or uterine blood flow. The possibility that 
oxytocin may affect uterine blood flow by a direct action 
on uterine vessels exerting a vasoconstrictive action via 
its own or vasopressin receptors cannot be ruled out. 
Relatively small decreases in uterine blood flow have 
been shown to affect fetal oxygenation,” and it has been 
suggested that this decrease in Po, levels might be re- 
sponsible for the changes observed in fetal breathing 
and ‘electrocortical and electroocular activity that ac- 
company contractures.” It is now well established that 
fetal Po; and other features of fetal oxygenation are 
continuously variable and that these changes may have 
important physiologic causes and consequences."® Fur- 
ther work is being carried out to determine whether 
the decrease in fetal Po, levels observed in the present 
study are accompanied by changes in fetal breathing, 
electrocortical and electroocular aout, and fetal heart 
rate. 

' We thank Karen Moore for help with this manuscript 
and Beth Elias for the analysis of the uterine electro- 
myogram. 
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Neurotransmitters and peptides modulate the release of 
immunoreactive corticotropin-releasing factor from cultured 


human placental cells 
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The substances stimulating the release of immunoreactive corticotropin-releasing factor from cultured 
human placental cells were investigated. Monolayer primary cultures of trophoblast cells from pregnant 
women at term were used. The immunoreactive corticotropin-releasing factor released in the culture 
medium eluted from high-performance liquid chromatography with the same retention time as human 
corticotropin-releasing factor. Norepinephrine and acetylcholine increased immunoreactive 
corticotropin-releasing factor release into the culture medium in a dcse-related manner. Epinephrine was 
partially active, whereas dopamine and serotonin did not induce significant changes of immunoreactive 
corticotropin-releasing factor release from placental cultures. Angiotensin Il, interleukin-1, oxytocin, and 
arginine-vasopressin also increased placental immunoreactive corticotropin-releasing factor release in a 
dose-related manner, whereas other peptides (vasoactive intestinal peptide, substance P, somatostatin, 
atrial natriuretic factor, interleukin-2) were ineffective. These results showed that several neurotransmitters 
and peptides stimulate the release of immunoreactive corticotropin-releasing factor from placental cells, 
suggesting their possible involvement in the physiologic regulation of placental immunoreactive 
corticotropin-releasing factor release during pregnancy and parturition. (AM J OBSTET GYNECOL 


1989;160:247-51.) 
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The human placenta contains immunoreactive 
corticotropin-releasing factor identical to that present 
in the hypothalamus.’ Indeed, placental and neuronal 
corticotropin-releasing factor shows the same immu- 
noreactivity and bioactivity, both increasing the release 
of adrenocorticotropic hormone from cultured pitu- 
itary cells.! Moreover, Grino et al? showed that the 
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Fig. 1. Effect of norepinephrine (NEpi), acetylcholine (ACh), 
epinephrine (Ept), serotonin (SE), and dopamine (DA) on im- 
munoreactive corticotropin-releasing factor (¢rCRF) release 


from placental cell cultures. Each point represents the 
mean + SE. 


corticotropin-releasing factor gene is expressed in the 
human placenta and that messenger ribonucleic acid 
is identical to that of hypothalamic corticotropin- 
_ releasing factor. Our recent data have shown that im- 
` munoreactive corticotropin-releasing factor is localized 
` in the cytotrophoblast layer of term placental villi and 
‘that addition of the peptide stimulates the secretion of 
adrenocorticotropic hormone from cultured human 
placental cells.” 

The high maternal plasma immunoreactive 
corticotropin-releasing factor levels and their rapid de- 
cline after delivery suggest that the placenta releases 
corticotropin-releasing factor into the maternal cir- 
culation during pregnancy.*® Some studies showed 
a possible further increasé of plasma immunoreac- 
tive corticotropin-releasing factor at parturition’ and 
the presence of high immunoreactive corticotropin- 
releasing factor levels in cord blood,° suggesting a pos- 
sible role of these factors in the endocrine physiology 
of the fetal-placental-maternal unit. There are no 
studies with regard to the possible mechanisms regu- 
lating the secretion of corticotropin-releasing factor 
from placental cells. In our previous report we have 
shown that prostaglandins increase the release of im- 
munoreactive corticotropin-releasing factor in placen- 
tal cell cultures.» The aim of the present study was 
to investigate the possible secretagogues of immuno- 
reactive corticotropin-releasing factor from placental 
cells, by means of primary cultures of human tro- 
phoblast. 
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Fig. 2. A, Norepinephrine (NEpi) and a-adrenergic receptor 
agonists, methoxamine and clonidine, increase immunoreac- 
tive corticotropin-releasing factor (irCRF) release from pla- 
cental cell cultures. The effect of NEpi is reversed by spe- 
cific a-adrenergic receptor antagonists, prazosin and yo- 
himbine. B, Acetylcholine (ACh) increases immunoreactive 
corticotropin-releasing factor release from placental cell cul- 
tures, and its effect is reversed by specific cholinergic receptor 
antagonists, atropine and hexamethonium. Each point repre- 
sents the mean + SE. 


Material and methods 


Materials. Collagenase (type I) was purchased from 
Cooper Biomedical Inc. (Malvern, Pa.). Deoxyribonu- 
clease (type II) and trypsin were obtained from Sigma 
Chemical Co. (St. Louis). Bovine serum albumin was 
purchased from Pentex-Miles Lab. (Elkart, Ind.) and 
fetal calf serum from HyClone Lab. Inc. (Logan, Utah). 
All other reagents were obtained from Sigma. A 
water-jacketed spinner suspension flask (Wheaton Sci- 
entific, Millville, N.J.), filters (Spectrum Med. Inc., 
Los Angeles), and 35 mm six-well multidishes (Costar, 
Cambridge, Mass.) also were used. 


Volume 160 
Number 1 


Cell culture. Preparation of dispersed cell cultures 
was done as previously described.’ * Briefly, placentas 
were collected from women (n = 9) undergoing elec- 
tive cesarean section at term (permission granted by 
Human Investigation Committee of University of Cal- 
ifornia, San Diego). Chunks of tissue were minced, 
rinsed in cold Hepes (N-2-hydroxyethylpiperazine-N’- 
2-ethanesulfonic acid)—dissociated buffer, and dis- 
sected from the connective tissue. Cells were dispersed 
both enzymatically (0.4% collagenase type II, 3000 
Kunitz units deoxyribonuclease type IV, 0.4% trypsin) 
and mechanically in a water-jacketed spinner suspen- 
sion flask. After filtration through a 42 wm filter, dis- 
sociated cells were washed twice in 0.1% bovine serum 
albumin and Hepes-dissociated buffer solution and in 
culture medium (B-Pit-Julep added with 10% fetal calf 
serum and Sato’s cocktail),”* then resuspended in cul- 
ture medium. Cells were plated in 35 mm six-well mul- 
tidishes (2.5 ml culture medium per well) containing 
5.0 to 6.5 xX 10° cells per well. 

Protocol. Five days to 1 week after plating the cells 
were used for the experiments. Before the stimulation, 
the cells were washed twice with Hepes-buffered Krebs- 
Ringer bicarbonate solution and preincubated 1 hour 
with 1 ml of the same solution. Drugs or peptides were 
made up as 100-fold concentrated and added in small 
volumes to triplicate wells, containing 1 ml of 1% bovine 
serum albumin Hepes-buffered Krebs-Ringer bicar- 
bonate solution plus bacitracin (60 jl). 

The various substances tested were dissolved in ster- 
ile distilled water or 100% ethanol. Vehicle-treated 
wells (controls) were present in each experiment. After 
3 hours’ incubation, conditioned media were removed 
and immunoreactive corticotropin-releasing factor con- 
centration was measured by double-antibody radio- 
immunoassay. 

Drugs. Epinephrine, norepinephrine, methoxamine 
(a-adrenergic receptor agonist), and clonidine (Qo~ 
adrenergic receptor agonist) were used to study the 
- possible role of adrenergic receptor activation. Prazosin 
(a,) and yohimbine (a,) were used as specific antagonists 
for the adrenergic receptors. Acetylcholine as agonist 
and atropine and hexamethonium as antagonists were 
used to study the possible role of cholinergic receptors 
in the control of corticotropin-releasing factor release. 
The effects of dopamine and serotonin also were tested. 
All these drugs were purchased from Sigma. 

Peptides. Changes in immunoreactive corticotropin- 
releasing factor secretion after the addition of arginine 
vasopressin, oxytocin, angiotensin IJ, vasoactive intes- 
tinal peptide, substance P, somatostatin, atrial natri- 
uretic peptide (Peptide Biology Laboratory, Salk Insti- 
tute), and interleukin-le or interleukin-2 (Roche, 
Basel) also were studied in placental cell cultures. 
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Fig. 3. Angiotensin II (AI), interleukin-1 (IL-1), oxytocin 
(OT), and arginine vasopressin (AVP) increase immuno- 
reactive corticotropin-releasing factor (irCRF) release from 
cultured human placental cells. Each point represents the 
mean + SE. 


Radioimmunoassay of corticotropin-releasing fac- 
tor. After the conditioned media were dried in a speed- 
vac concentrator, each sample was redissolved in 
0.5 ml radioimmunoassay buffer (0.1% bovine serum . 


albumin and 0.05% Triton X-100 saline phosphate 


buffer, pH 7.3) and measured in duplicate. Synthetic 
rat corticotropin-releasing factor was used to prepare 
the standard curve and for iodination (chloramine T 
method) to prepare the tracer (purified by high- 
performance liquid chromatography). Rabbit antirat 
corticotropin-releasing factor was used at a final dilu- 
tion of 1:770,000. The details of the radioimmuno- 
assay have been described previously. The assay sen- 
sitivity was 2 pg per tube with an IC;, of 20 pg. The 
interassay and intraassay coefficients of variation were 
8% and 4%, respectively. The nonspecific interference 
with the corticotropin-releasing factor radioimmuno- 
assay was excluded by assay of all drugs or peptides at 
the highest concentration used in the assay. Recovery 
of standard rat corticotropin-releasing factor added to 
the cultures (100 pg per well) was 85% + 5%. 
Statistical analysis. Each data point represents the 
mean + SEM of three wells. Statistical analysis of the 
results was performed by means of analysis of variance, 
followed by the Duncan test and by the Tukey test. 


Results 

The content of immunoreactive corticotropin- 
releasing factor in extracts of cultured placental celis 
was 25.5 + 5.1 pg per well (mean + SE) and the high- 
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performance liquid chromatography elution pattern of 
the cell extracts was superimposable on that of synthetic 
corticotropin-releasing factor. After a 3-hour incuba- 
tion the immunoreactive corticotropin-releasing factor 
released in the medium was 10.5 + 3.7 pg per well. 
The addition of norepinephrine or acetylcholine 
significantly increaséd immunoreactive corticotropin- 
releasing factor release from placental cells, in a dose- 
related manner (p < 0.01) (Fig. 1). Epinephrine: in- 
creased immunoreactive corticotropin-releasing factor 
release at the highest doses (1 and 10 pmol/L (p < 0.05) 
(Fig. 1). Neither serotonin nor dopamine induced any 
significant. change of immunoreactive corticotropin- 
releasing factor release (Fig. 1). 
~ The stimulatory activity of norepinephrine on im- 
munoreactive corticotropin-releasing factor release was 
inhibited by both a-adrenergic receptor antagonists, 


i.e., prazosin and yohimbine (Fig. 2, A). Moreover, sup- - 


porting an involvement of a-adrenergic receptors, 
methoxamine and clonidine increased immunoreactive 
corticotropin-releasing factor release from cultured 
placental cells (p < 0.01) (Fig. 2, A). The increase of 
immunoreactive corticotropin-releasing factor induced 
by acetylcholine was inhibited by both cholinergic an- 
tagonists (atropine and hexamethonium, Fig. 2,: B). 
Angiotensin II, oxytocin, interleukin-1, and arginine 
vasopressin increased immunoreactive corticotropin- 
releasing factor release from placental cells in culture 
(p < 0.01) (Fig. 3). No significant changes of immu- 
noreactive corticotropin-releasing factor were found 
after the addition of vasoactive intestinal peptide, sub- 
stance P, somatostatin, atrial natriuretic factor, or 
interleukin-2. 


Comment 


This study confirmed that human placental cultured 
cells contain and release immunoreactive corticotropin- 
releasing factor.’ For the first time these data showed 
that the release of immunoreactive corticotropin- 
releasing factor from.cultured human placental cells is 
activated by various neurotransmitters and peptides. 
The positive effect of norepinephrine and acetylcholine 
on placental immunoreactive corticotropin-releasing 
factor release agrees with the observation that these 
neurotransmitters stimulate corticotropin-releasing 
factor release from rat hypothalamic tissue in vitro and 
increase corticotropin-releasing factor levels in the hy- 
pophysial portal circulation.’ Indeed, placental tissue 
contairis adrenergic and cholinergic receptors .and the 
metabolizing enzymes.’® '' This evidence and our pres- 
ent data suggest a possible role of circulating neuro- 
transmitters in placental endocrine function. Previous 
studies showed that f-adrenergic receptor agonists 
stimulate immunoreactive gonadotropin releasing hor- 
mone release from cultured placental cells.” The effi- 
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cacy of the a-adrenergic receptor agonists, i,e., meth- 
oxamine and clonidine, in increasing immunoreactive 
corticotropin-releasing factor release from placental 
cells and the blockade of the norepinephrine effect by 
use of prazosin and yohimbine, two a-adrenergic re- 
ceptor antagonists, suggest that a-adrenergic receptors 
may participate in the regulation of placental immu- 
noreactive corticotropin-releasing factor. The involve- 
ment of cholinergic receptors of the muscarinic type is 
also suggested by the pronounced effect of atropine in 
blocking the acetylcholine-induced immunoreactive 
corticotropin-releasing factor release from placental 
cultures. The placenta serves to transfer neurotrans- 
mitters between the maternal and the fetal circulation 
and their increasing patterns during pregnancy" might 
contribute to an explanation the progressive increase 
of circulating corticotropin-releasing factor levels in 
pregnant women.*® 

The placental release of 
corticotropin-releasing factor also was increased by 
those peptides that release hypothalamic corticotropin- 
releasing factor. Indeed, angiotensin II, oxytocin, 
arginine vasopressin, and interleukin-1 increase re- 
lease of immunoreactive corticotropin-releasing factor 
into ‘the hypophysial portal circulation or modulate 
stress-induced corticotropin-releasing factor release.” 
The pregnancy-related changes of angiotensin II, and 
interleukin-1, in maternal plasma or in placental 
tissue! support their possible role in the regulation 
of placental immunoreactive corticotropin-releasing 
factor secretion. In particular, oxytocin, norepineph- 


immunoreactive 


rine, and acetylcholine might cause the further in- 


crease of maternal plasma levels of immunoreactive 
corticotropin-releasing factor at parturition.’ It is rec- 
ognized that the placenta is the source of maternal 
plasma immunoreactive corticotropin-releasing factor, 
and some data suggest that fetal circulating immuno- 
reactive corticotropin-releasing factor derives, at least 

in part, from placental secretion.** Because of the im- 
portant change in hypothalamic-pituitary- -adrenal axis 
activity both in the mother and in the fetus,'*"® a possi- 
ble physiologic implication of placental immunoreactive 
corticotropin-releasing factor in human pregnancy may 
be suggested. It is known that from the twelfth to four- 
teenth week of gestational age the fetal hypothala- 
mus produces immunoreactive corticotropin-releasing 
factor and corticotropin-releasing factor increases 
adrenocorticotropic hormone release from cultured 
fetal pituitary glands,’® indicating that the fetal 
corticotropin-releasing factor system is already 
functioning. Therefore placental immunoreactive 
corticotropin-releasing factor may be suggested to sup- 
port the increased activity of the maternal and fetal 
hypothalamic-pituitary-adrenal axis. 

In conclusion, the present data showed that cultured 
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placental cells release immunoreactive corticotropin- 
releasing factor in response to several secretagogues. 
The neurotransmitters (norepinephrine and acetylcho- 
line) and the peptides (angiotensin II, interleukin-1, 
oxytocin, and arginine vasopressin) that stimulate 
the release of placental immunoreactive corticotropin- 
releasing factor also increase the release of hypotha- 
lamic immunoreactive corticotropin-releasing factor, 
suggesting a similar mechanism of control for placen- 
tal and hypothalamic immunoreactive corticotropin- 
releasing factor release. However, the physiologic sig- 
nificance of our results in placental immunoréactive 
corticotropin-releasing factor release remains to be 
documented in vivo. Because both plasma and placen- 
tal concentrations of immunoreactive corticotropin- 


releasing factor as well as those of the putative secre- _ 


tagogues reach the highest levels at term pregnancy 
and parturition, a possible correlation between our re- 
sults and these two in vivo states may be suggested. 
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R. Galyean, and J. Porter for technical assistance. 
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Calcium ion—dependent regulation of uterine smooth muscle 


thin filaments by caldesmon 


S. Marston, DPhil 
London, England | 


Native thin filaments were extracted from rabbit uterus by the procedure of Marston and Smith. The protein 
content was actin, tropomyosin, and caldesmon in molar ratios of 1:0.2:0.03. Some filamin, myosin, and 
calcium-binding protein were also present. The: thin filaments activated:skeletal or smooth muscle myosin 
magnesium adenosine triphosphatase at least 30-fold. Activation was regulated by Ca?*; maximum 
observed Ca’* sensitivity was >10 times. The thin filaments were dismantled into component proteins by 
the method of Smith and Marston. Actin and actin-tropomyosin-activated myosin magnesium adenosine 
triphosphatase, but the activation was not Ca?*-regulated. Added ‘caldesmon inhibited adenosine 
triphosphatase activation by as much as 80%, with 50% inhibition at 1 caldesmon per 50 actin. Caldesmon.: 
inhibition was not Ca2* dependent, but inhibition could be reversed by further addition of Ca?* and 
calmodulin. It is concluded that the thin filaments of uterine smooth muscle are Ca** regulated and that 
this regulatory system could be involved in control of uterine smooth muscle contractility. A mechanism for 
thin filament regulation, mediated by caldesmon, is proposed. (Am J OssteT GYNECOL 1989;160:252-7.) 


Key words: Uterine, smooth muscle, Ca?* regulation, thin filaments, caldesmon, 


tropomyosin, actin 


The gravid uterus is a highly muscular organ, and 
the contraction of the smooth muscle in the uterine 
wall is an essential function. Contractility is under the 
control of a complex array of neurotransmitters, cir- 
culating hormones, and locally derived factors, all of 
which act on receptors at the surface of the smooth 
muscle cells. These act by controlling ion channels or 
via second messenger systems (cyclic nucleotides, ino- 
sitol phosphates), which ultimately regulate the internal 
_ CGa?* concentration. According to current knowledge, 
the contractile apparatus, which is basically made-up of 
actin and myòsin filaments, is controlled only by Ca** 
concentration in the surrounding cytoplasm. Thus a 
key link in the mechanism for control of uterine muscle 
contraction is the way in ‘which micromolar ‘Ga 
switches the actin and myosin on and réduction in Ca®* 
concentration switches it off. = 

One site of action of Ca?* on the contractile apparatus 
is a Ca?*-dependent phosphorylation of myosin by a 
Ca?*, calmodulin controlled, myosin light-chain kinase. 
Unphosphorylated myosin is inactive, but phosphory- 
lated myosin can interact with actin filaments.” How- 
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ever, the possibility exists that there are additional Ca>* 
regulatory mechanisms. In many smooth muscles, Ca** 
regulation of the thin filaments has been demon- 
strated.> © The protein caldesmon has been identified 
as the regulatory component of the thin filament’ and 
its mechanism has been studied.’”* In uterine smooth 
muscle there have been scattered reports of thin- 
flament—linked regulatory proteins with troponin-like 
characteristi¢s,"° u and more recently caldesmon has 
been identified as present in uterine tissue." 

In this article we have directly investigated the ques- 
tion of thin-filament Ca’* regulation by isolating native 
thin filaments from rabbit uterus smooth muscle. We 
find that the uterus thin filaments are Ca** regulated 
and that caldesmon is the key regulatory protein, acting 
via the same mechanism as that found in other smooth 
muscles. | 


Methods 

Whole uteri were dissected from three pregnant rab- 
bits 4 weeks after mating, and 172 gm of material was 
obtained. The tissue was extensively washed in water 
and then stóred in liquid nitrogen for as long as 4 
weeks. ` E i 
Thin filaments were extracted from the smooth mus- 
cle tissue by the procedure developed by Marston and 
Smith” (Fig. 1). The yield was 1.4 mg protein/gm wet 
weight tissue. Caldesmon and actin were separated and 
purified from the thin filaments by the technique of 
Smith and Marston” ® (Fig. 2). The actin yield was 
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Rabbit uterus 
collecte¢ and stored in liquid nitrogen 


l 


Fracture into small (<1cm?) pieces and homogenize 
1.5 min with Polytron homogenizer in 5 vol 50mM KCl, 
4mM MgCl, 10mM imidazole, pH 7.0, ImM NaN3, 
ImM EGTA, 0.5% Triton X-100, 2ug.mr! leupeptin 

and chymostatin, SmM DTT > 


t 


Sediment 5 min at 15,000g 


Rehomogenize in 5 vol of same buffer 


f 


Sediment 5 min at 15,000g 


Extract contractile proteins by homogenizing pellet in 
1.5 vol 80mM KCI, 20mM 2-[N-morpholono]ethane 
sulphonic acid (MES) pH 6.1, 5mM MgClo, 2mM NaN3, 
10mM ATP, 2ug.ml-1 leupeptin and chrymostatin, 
5mM DTT. Leave 1h. 


f 


Sediment 15min at 15,000g 


t 


To supernatant add extraction buffer to 2.5 vol, adj just pH to 
7.9, add glvcol to 20% 


f 


Sediment the thin filaments from the extract at high speed 
(3h at 140,000g) 


| 


Resuspend pellets by soaking ovemight in a small volume 
of water. Dialyse before measuring ATPase. 


Fig. 1. Protocol for preparation of native thin filaments from 
rabbit uterus. 


l mg/gm wet weight tissue and that of caldesmon was 
0.037 mg/gm wet weight tissue. 

Protein content ef preparations was analyzed by gel 
electrophoresis on 4% to 30% gradient polyacrylamide 
gels (Pharmacia, Uppsala, Sweden) in 0.1% sodium do- 
decylsulfate, 20 mmol/L Tris acetate (pH 7.4) buffer. 
Gels were stained. with Coomassie blue or transferred 
by electroblotting to nitrocellulose membranes. Elec- 
troblots were labeled for caldesmon with a specific an- 
tichicken gizzard caldesmon antibody,’ and the. position 
of bound antibody was located by incubation in iodine 
125-protein A (antibody-binding protein). '°I radio- 
activity caused by caldesmon- -antibody—protein A—'] 
complexes was detected by autoradiography. ` 

Skeletal muscle myosin and aorta tropomyosin were 
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DISASSEMBLY OF THIN FILAMENTS 





Thin filaments 
Remove actin-binding proteins 
by high speed sedimentation 

in 0.8M KCI > 


pellet supernatant 


Actin 
95% pure 


Actin-binding proteins 
tropomyosin, caldesmon 
separate by iso-electric 
precipitation at pH 2.9 


ri Nevea 


Tropomyosin Caldesmon 
fraction ° fraction 
purify by purify by 
hydroxyapatite ammonium sulphate 

chromatography precipitation 


Tropomyosin Caldesmon 
99% pure l 


Fig. 2. Protocol for preparation of actin and caldesmon. 


prepared by our usual methods.* "3 Crude aorta myosin 
was prepared and converted to the fully active, phos- 
phorylated form by incubation i in 0.5 mmol/L adeno- 
sine 5'-[y-thio] triphosphate (ATP [ys]).? Heavy mero- 
myosin, the soluble proteolytic fragment of myosin that 
contains the active sites, was PIRRE by digestion with 
a-chymotrypsin. 

The activation of myosin magnesium adenosine tri- 
phosphatase activity by thin filaments and actin was 
measured by assaying the- quantity of phosphate re- 
leased after a timed reaction.” The reaction was initi- 
ated by addition of magnesium adenosine triphosphate 
to 2 mmol/L, terminated by adding an equal volume 
of 5% trichloracetic acid, and phosphate released was 
assayed. 

Two types of assay systems were used. One used 
smooth muscle heavy meromyosin at low ionic strength. 
This assay permits a greater economy of protein than 
with whole smooth muscle myosin because the aden- 
osine triphosphatase rate is constant over at least 20 
minutes; furthermore, the use of the soluble fragment 
permits a kinetic analysis of the enzymic reaction. The 
other assay system used skeletal muscle myosin at mod- 
erate ionic strength (I = 0.09). Skeletal myosin gives 
much greater activity than smooth and thus permits 
measurement with less protein: this is a significant fac- 
tor in the work with isolated caldesmon, which was 
obtained only i in small quantities. Reaction conditions 
are given in the ne legends. 
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Fig. 3. Protein components of uterine thin filaments. A, Sodium dodecylsulfate (0.1%)/polyacryl- 
amide (4% to 30% gradient) gel electrophoresis stained in 0.2% Coomassie blue. Samples are H, 
uterus crude homogenate; TF, uterus thin filaments; CD, uterus caldesmon; A, uterus actin: CD» 
aorta caldesmon. Identified protein bands are F, filamin; M, myosin heavy chain; CD, caldesmon; 
A, actin, T, tropomyosin. B, Anticaldesmon antibody/™I-protein A—stained autoradiogram of an 
immunoblot of the gel in 3A, which shows presence of caldesmon in the thin filaments. Densi- 
tometer scans of native thin filaments separated by gel electrophoresis (TF in A) gave protein quanti~ 
ties (w/w) relative to actin: thus tropomyosin, 0.380 + 0.037, and caldesmon, 0.093 + 0.017 
(mean + SD of six scans of three tracks). Assuming molecular weights, actin 42,000, tropomyosin 
dimer 75,000, and caldesmon 120,000, estimated molar ratios are 0.20 mol tropomyosin/mol actin 


and 0.033 mol caldesmon/ mol actin. 


Results 


Native thin filaments from rabbit uterus. Fig. 3, A 
shows sodium dodecylsulfate—gel electrophoresis of 
the thin filaments extracted from rabbit uterus smooth 
muscle. The main bands are actin (42,000 molecular 
weight) and tropomyosin (two bands around 35,000 
molecular weight). There is also some myosin. heavy 
chain and filamin. Caldesmon was identified in the 
thin filaments as a pair of bands of molecular 
weight = 120,000 by immunoblots (Fig. 3, B). The rel- 
ative amounts of actin, caldesmon, and tropomyosin, 
which were measured by densitometry, are very similar 
to those in thin filaments from other tissue (Fig. 3).*"° 

The native thin filaments activated the magne- 
sium adenosine triphosphatase of thiophosphorylated 
aorta heavy meromyosin at 10 mmol/L KCl at 37° C. 
The activation was Ca?* dependent (Fig. 4): calcium 
sensitivity was as much as 10 times, ‘which is similar to 
that observed in aorta and other smooth muscles.*° We 
have found that activation of thiophosphorylated aorta 
heavy meromyosin magnesium adenosine triphospha- 
tase in 10-7 mol/L Ca?* at increasing thin filament con- 
centration is usually of simple Michaelis-Menten form. 
The data in Fig. 4 were fitted to this equation by a 


nonlinear regression procedure and yielded a Michaelis 
constant of 56 pmol/L and maximum turnover rate 
(V,,) of 52 min`! (Fig. 4), which is comparable with 
results from aorta thin filaments. Unphosphorylated 
heavy meromyosin was not activated by thin filaments 
or actin. Skeletal myosin magnesium adenosine tri- 
phosphatase was also activated in a Ca**-sensitive man- 
ner by uterine thin filaments. | 

Actin from rabbit uterus.The pure polymeric actin 
from rabbit uterus activated skeletal muscle magnesium 
adenosine triphosphatase at 50 mmol/L KCI at 37° C 
by at least 30-fold (Fig. 5), with maximal activation 
approached at actin: myosin ratios of 5:1 (w/w). The 
addition of tropomyosin (from sheep aorta) potentiated 
the activation from 640 to 900 nmol phosphate/mg 
myosin/min (Fig. 5). Actin-tropomyosin activation 
was completely insensitive to the Ca?* concentration 
(Fig. 6). 

Caldesmon from rabbit uterus. Using the method of 
Smith and Marston (Fig. 2), we obtained a caldesmon 
preparation with activity similar to that achieved with 
other smooth muscles.* ë The caldesmon preparation 
contained no detectable actin, tropomyosin, or myosin 
(compare thin filament and caldesmon in Fig. 3, A), but 
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Fig. 4. Thin filament activation of aorta heavy meromyosin 
magnesium adenosine triphosphatase. Uterus thin filaments 
were incubated with smooth muscle (aorta) thiophosphory- 
lated heavy meromyosin (HMM[SP]) Conditions: 37° C, 
5 mmol/L PIPES Kg, pH 7.1, 2.5 mmol/L MgCl, 1 mmol/L 
DTT, 4 mol/L HMM(SP), 0 to 150 pmol/L (actin monomer 
concentration) thin filaments, 0.1 mmol/L CaCl, (@), or 
I mmol/L EGTA (0). Background adenosine triphosphatase 
was subtracted. The data with 0.1 mmol/L CaCl, were fitted 
to a simple Michaelis-Menten (K,,) equation with the ENZFIT 
program (Elsevier Biosoft). The line represents the best fit 
that has the parameters Vmax = 315 nmol phosphate/mg 
HMM(SP)/min, K,, = 3.4 mg/ml thin filament. In absolute 
units this is equivalent to a maximum turnover rate of 52/min 
and a K,, of 56 pmol/L actin monomer concentration (assumes 
63% actin in the thin filament [Fig. 3] and molecular weight 
of HMM (SP) of 165,000 and actin, 42,000). 


compared with the protein in the native uterus thin 
“filament (TF) or aorta caldesmon (CD,), the purified 
uterus caldesmon was considerably degraded, which 
presumably reflects greater proteolytic activity in uterus 
extracts compared with other smooth muscle types.’ 
The anticaldesmon antibody cross-reacted with the in- 
tact caldesmon (molecular weights 120,000) and frag- 
ments at molecular weights of 70,000, 50,000, and 
40,000. It has been noted before that caldesmon func- 
tion survives some proteolysis. Uterus caldesmon in- 
hibited uterus actin-tropomyosin activation of skeletal 
myosin magnesium adenosine triphosphatase activity 
at very low doses. A maximal inhibition rate of 78% 
was observed at 37° C, and half this level of inhibition 
was obtained with only 1 caldesmon added per 50 actin 
monomers. The caldesmon had a much less potent in- 
hibitory effect on actin in the absence of tropomyosin 
(Fig. 5). Caldesmon inhibition of actin-tropomyosin 
adenosine triphosphatase activation was completely in- 
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Fig. 5. Caldesmon inhibition of actin and actin-tropomyosin 
activation of skeletal muscle myosin. Conditions: 35° C, 70 
mmol/L KCI, 5 mmol/L PIPES, pH 7.0, 5 mmol/L MgCl, 
5 mmol/L NaAzide, and 1 mM DTT; 0.125 mg/ml of skeletal 
myosin; 0.5 mg/ml of uterus actin (A) or 0.5 mg/ml 


~ (11 pmol/L) uterus actin + 0.125 mg/ml of aorta tropo- 


myosin (®) with 0 to 0.13 mg/ml (1.2 pmol/L) of uterus cal- 
desmon. 
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Fig. 6 Ca°* regulation of actin-tropomyosin-caldesmon by the 
addition of calmodulin. Conditions: 35° C, 70 mmol/L KCI, 
5 mmol/L PIPES, pH 7.1, 5 mmol/L MgCl, 5 mM NaAzide, 
l mmol/L DTT, 0.125 mg/ml of skeletal myosin, 0.5 mg/ml 
of uterus actin, and 0.125 mg/ml of aorta tropomyosin; 0.1 
mmol/L of CaCl, (hatched bars) or 1 mmol/L EGTA (plain bars); 
0.15 mg/ml of uterus caldesmon and 0.4 mg/ml of bovine 
brain calmodulin. | 
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Fig. 7. A model for the Ca**-dependent release of caldesmon inhibition of calmodulin. Based on 
` the mechanism deduced by Smith et al. Caldesmon (CD) binds to actin-tropomyosin (Atm) and inhib- 
its its interaction with myosin. When [Ca*] increases, Ca?+ binds to calmodulin (CM) and 
(Ca®*), - calmodulin binds to caldesmon, which results in reversal of its inhibition of actin tropo- 
myosin, and under some conditions, dissociation of the caldesmon (Ca**), calmodulin complex. 


sensitive to Ca2* concentration. changes, but Ca’* sen- 
sitivity could be demonstrated in this system under suit- 
able conditions by the further addition of bovine brain 
calmodulin (Fig. 6). Thus a Ca?*-regulated uterine thin 
filament can be reconstituted from four pure proteins: 
actin, tropomyosin, caldesmon, and calmodulin, as has 
been demonstrated in other smooth muscles.*”° 


Comment 


The uterus at term represents the largest mass of 
smooth muscle in mammals. The precise control of 
uterine smooth muscle contraction is an essential re- 
quirement during parturition. It is accepted that the 
contractile apparatus is directly controlled by the level 
of Ca?* in the adjacent cytoplasm,* and much work has 
been published showing that the Ca**-dependent phos- 
phorylation of myosin is a major control mechanism in 
uterine smooth muscle.'* The work presented here 
shows that as in other smooth muscles,* ° the actin- 
based thin filaments of the uterine contractile appa- 
ratus are also one of the sites under Ca’* control, since 
the isolated native thin filament interaction with myosin 
is Ca?* regulated (Fig. 4). 

The uterus thin filament is composed of actin, tro- 
pomyosin, caldesmon, and a calcium-binding protein 
(Fig. 3). Uterine caldesmon was identified in thin fil- 
aments from its molecular weight of 120,000 on our 
gel system, and its reaction with a specific anticaldes- 
mon antibody (Fig. 3).*!? It is present in a molar ratio 
of 0.033 per actin, which is the same as that determined 
in other smooth muscles.** '° 

The role of caldesmon in controlling uterine thin 
filament activity was demonstrated by dismantling the 
thin filament into its individual proteins (Figs. 2 and 
3). Pure uterus actin and actin plus tropomyosin acti- 
vated myosin magnesium adenosine triphosphatase 
without any Ca?* sensitivity. Added caldesmon strongly 


inhibited activation at low concentrations, similar to 
that obtained in other smooth muscles* ® (Fig. 5), but 
was not Ca?* dependent (Fig. 6). Reconstitution of the 
working Ca?* regulatory system also required a Ca?* 
binding protein. In many in vitro experiments, such as 
those shown here, calmodulin has been used as the 
calcium-binding protein.”® Under suitable conditions 
calmodulin and Ca?* reverse the inhibitory action of 
uterine caldesmon on uterine actin-tropomyosin (Fig. 
6). This behavior is indistinguishable from the exten- 
sively investigated aorta caldesmon system® * and sug- 
gests that a similar regulatory mechanism (Fig. 7) is 
involved. 

Ca?* control of smooth muscle thin filaments has 
been identified in every tissue investigated* * and there- 
fore is likely to be a universal regulatory mechanism 
and not tissue specific. In uterine smooth muscle, con- 
trol of contractility by the Ca?*-regulated myosin phos- 
phorylation system has been shown to occur,' but there 
are equally as many instances in which this sytem cannot 
account for observed regulatory changes.’* We believe 
that it is likely that Ca?* control of the thin filaments 
via caldesmon could be involved in these cases and 
should be taken into account when considering regu- 
lation of uterine smooth muscle contraction. 
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Blunted vasoreactivity in pregnant guinea pigs is not restored 


by meclofenamate 


Ginette L. Harrison, MD, and Lorna Grindlay Moore, PhD 


Denver, Colorado 


Pregnant women show a reduced pressor responsiveness to angiotensin H, but the mechanism 
responsible in unclear. We sought to determine whether reduced pressor responsiveness was due to 
decreased vasoreactivity and the involvement of increased vasodilator prostaglandin production in 
decreases observed. We found that pregnancy decreased systemic vascular resistance and the systemic 
vascular resistance response to angiotensin II infusion but not to phenylephrine hydrochloride infusion in 
awake, unstressed guinea pigs. The decreased systemic vascular resistance response to angiotensin !I in 
the pregnant animals was accompanied by a reduced pressor response. Contractility to phenylephrine 
hydrochloride and norepinephrine was reduced in aortic rings isolated from pregnant, compared with 
nonpregnant, guinea pigs. Treatment with meclofenamate, a prostaglandin synthesis inhibitor, did not 
restore vasoreactivity in either the pregnant animal or the isolated vessel to levels observed in the 
nonpregnant state. We concluded that pregnancy reduced systemic vascular resistance and vasoreactivity 
but that mechanisms other than increased vasodilator prostaglandin production were likely responsible. 


(Am J OBSTET GYNECOL 1989;160:258-64.) 


Key words: Angiotensin II, phenylephrine hydrochloride, norepinephrine, contractility, 


prostaglandins, vasoconstriction, vasodilation 


Normal pregnancy is accompanied by decreased 
pressor responsiveness to angiotensin II.’ Women who 
develop preeclampsia lose their decreased pressor re- 
sponsiveness long before the onset of hypertension,” 
which suggests that alterations in pressor responsive- 
ness during pregnancy are important. Despite consid- 
erable research, the mechanisms responsible for de- 
creasing pressor responsivness remain unclear. Re- 
duced pressor responsiveness has been attributed to 
decreased vascular reactivity. However, in the whole 
animal in which cardiac output is not controlled, de- 
` creased pressor responsiveness may be caused by lower 
blood flow rather than by decreased reactivity to va- 
soconstrictor stimuli. Decreased vasoreactivity has been 
thought to be a result of increased vasodilator prosta- 
glandin production. However, whereas prostaglandin 
synthesis inhibitors. increase pressor responsiveness,” 
several studies have found that pressor responsiveness 
remained lower in pregnant than in nonpregnant an- 
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imals after prostaglandin synthesis inhibition.* * No 
study, to the best of our knowledge, has examined the 
role of increased vasodilator prostaglandin synthesis 
with ‘regard to decreasing vascular resistance respon- 
siveness in pregnancy. | 

We sought to determine whether pregnancy de- 
creased systemic vascular reactivity and the contribu- 
tion of vasodilator prostaglandins to decreases ob- 
served. Our approach was to use systemic vascular re- 
sistance and pressor responsiveness as measures of 
vasoreactivity in the whole animal and contractile re- 
sponses of the thoracic aortic ring to assess vasoreac- 
tivity in the isolated vessel. We used angiotensin IH and 
phenylephrine hydrochloride as vasoconstrictors with 
different modes of action in awake, unstressed preg- 
nant'and nonpregnant guinea pigs and phenylephrine 
hydrochloride and norepinephrine to produce con- 
tractions in aortic rings isolated from the same preg- 
nant and nonpregnant animals. To test whether in- 
creased vasodilator prostaglandins were responsible for 
alterations in vasoreactivity observed, we compared the 
systemic vascular resistance and the contractile re- 
sponses of the pregnant and nonpregnant animals after 
the administration of meclofenamate, a prostaglandin 
synthesis inhibitor. 


Methods 

Animal preparation. Studies were performed in a 
total of 12 pregnant (51 + 2 days) and 13 nonpregnant 
female: Hartley guinea pigs (Sasco, Omaha, Neb.). 
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Table I. Baseline blood pressure, hemodynamics, and body weight characteristics of 13 nonpregnant and 


Nonpregnant — 


12 pregnant guinea pigs 





Total body weight (gm) (ol 27 995 + 52 <0.05 
Maternal weight (gm) 731 + 27 832 + 45 NS 
Blood pressure (mm Hg) 64 + 2 6l 2 NS 
Cardiac output (ml/min) 290:4 17 347 + 41 <0.01 
Cardiac output (ml/minute per gm maternal weight) 0.327 + 0.026 0.404 + 0.032 NS 
Systemic vascular resistance (mm Hg/ml per minute) 0.285 + 0.019 0.201 + 0.022 <0.01 
Systemic vascular resistance (mim Hg/t ml per minute per gram maternal 211 + 18 158 + 12 <0.05 


weight) 





Values are means + SE obtained under baseline reug conditions before the infusion of any agonist in 13 nonpregnant and 


i2 pregnant animals. 


Guinea pig gestation is 65 days. The number of days’ 
gestation was measured as the number of days after 
the observation of sperm in daily vaginal smears and 
was confined by poo Sees of mean litter weight with 
a published nomogram.® Pregnant animals weighed 
more than nonpregnant animals, but average maternal 
weight (total body weight minus uterine contents) was 
not different (Table I). 

Catheterization of one carotid artery and both ex- 
ternal jugular veins was carried out with sterile tech- 
niques in nonpregnant guinea pigs anesthetized with 
ketamine hydrochloride (5 mg/100 gm body weight by 
intramuscular injection) and xylazine hydrochloride 
(0.25 mg/100 gm body weight, also by intramuscular 
injection). Half of these doses in the pregnant animals 
induced similar levels of anesthesia, as Judged by reflex 
responses and time required to recover. The surgical 
procedure required approximately 40 minutes, during 
which oxygen was administered through a face mask. 
After infiltrating skin incisions with 1% lidocaine (Xy- 
locaine, Gibco, Chagrin Falls, Ohio), one polyethylene 
catheter (0.58 mm inside diameter and 0.965 mm out- 
side diameter, Clay Adams, Parsippany, N.J.) was 
placed in the left carotid artery and one in the left 
jugular vein. Two polyvinyl catheters (0.028 mm in- 
side diameter and 0.061 mm outside diameter; Bolab, 
Lake Havasu City, Ariz.) were placed in the right jug- 
ular vein. Catheters were secured, tunneled subcuta- 
neously to a point between the scapulae, and stored in 
a cap sutured to the skin. Recovery from the procedure 
averaged 5 days. Animals were studied after recovery 
was complete, as judged by attainment of ae a 
weight and rate of weight gain. 

Awake animal study. Blood pressure was monitored 
by means of the carotid catheter with a Statham 23dB 
(Gould, Oxnard, Calif.) pressure transducer. Pressures 
were displayed on an oscilloscope, and mean arterial 
pressures were averaged over | minute intervals with 
a Nova computer (Data General Corporation, South- 
boro, Mass.). Cardiac output was measured by dye- 
dilution without blood loss. At the time of measure- 


ment, a shunt was created with polyethylene catheters 
(dead space <0.1 ml) from the left carotid artery to the 
left jugular vein. Blood was pumped (3 ml per minute, 
Masterflex 7013, Cole Palmer, Chicago, Ill.) from the 
carotid artery through a cuvette and densitometer (Wa- 
ters, Rochester, Minn.) and returned to the jugular 
vein. Indocyanine green dye (0.05 ml, 1 mg/ml) was 
injected into the right jugular vein. Its appearance in 
the arterial circulation was measured by the densitom- 
eter, plotted on the oscilloscope, and used to calculate 
cardiac output. Calibration curves were constructed for 
each animal at the completion of a study. Cardiac out- 
put was repeated until duplicate values (within 10%) 
were obtained. This usually required only two mea- 
surements. Blood pressure and heart rates in 13 ani- 
mals were similar before and after the measurement of 
cardiac output (blood pressure = 63 + 2 before versus 
61 + 3 mm Hg after, p = NS; heart rate = 319 + 14 
before versus 324 + 14 beats/min after, p = NS). 
Guinea pigs were studied in a quiet awake study in 
a small wire cage enclosed within a temperature- 
controlled Plexiglas acrylic plastic chamber flushed with 
room air. After 30 minutes, when blood pressure was 
stable, baseline cardiac output was measured and total 
systemic vascular resistance (mean arterial blood pres- 
sure divided by cardiac output) was calculated. The 
choice as to which agonist was administered first was 
made at random. Phenylephrine hydrochloride was in- 
fused continuously into the jugular vein in increasing 
doses of 36, 71, 143, 357, and 714 ng/100 gm total 
body weight per minute. Angiotensin II was similarly 
infused in doses of 2, 5, 11, 21, and 54 ng/100 gm total 
body weight per minute. These doses were chosen to 
define the complete dose-response curve and were 
within or slightly above the range of doses used by other 
investigators." ” '° '! Each dose was infused for 9 to 1] 
minutes, at which time blood pressure had become sta- 
ble. Cardiac output was measured and resistance was 
calculated after 10 minutes of infusion at the 143 ng 
and 714 ng phenylephrine hydrochloride dose and the 
l1 ng and 54 ng angiotensin II doses. One hour later, 
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Fig. 1. Systemic vascular resistance (SVR) is reduced in pregnant ree with nonpregnant 
animals under baseline conditioris and during angiotensin II or phenylephrine infusion (p < 0.01). 
Closed circles (e) represent values before meclofenamate treatment and open circles (O) represent 
values after treatment. Meclofenamate (shaded area) increased SVR response to angiotensin II in 
nonpregnant animals but not in pregnant group. Meclofenamate did not change SVR response to 


phenylephrine i in | pregnant or nonpregnant. aninials. 


the blood pressure and cardiac output had returned to 


baseline and the measurements were repeated with the 
other agonist. Meclofenamate was administered intra- 
venously (2 mg per kilogram. immediately preceding a 
2 mg per kilogram per hour intravenous infusion) and 
l hour later the dose responses to phenylephrine hy- 
drochloride or angiotensin II were repeated. Complete 
studies were performed i in 12 nonpregnant animals and 
in six pregnant animals that received angiotensin II and 
in an additional two pregnant animals for a total of 
eight pregnant animals that received phenylephrine 
hydrochloride. ‘To check for cyclooxygenase blockade, 
we obtained serum. samples from two pregnant and 
two nonpregnant guinea pigs ‘before and after meclo- 
fenamate administration. Samples were incubated 30 
minutes to permit adequate generation of the cycloox- 
ygenase end-metabolite thromboxane B, to ensure ac- 
curate measurement with enzyme immunoassay tech- 
niques.” Meclofenamate reduced thromboxane B, 
levels from 700 to 323 pg per milliliter, confirming that 
cyclooxygenase inhibition had been achieved. An ad- 
ditional three pregnant and five nonpregnant animals 
were studied as time controls 1 in which saline solution 
was administered instead of meclofenamate before the 
resistance responses to phenylephrine hydiochloride 
and angiotensin II were repeated. 

Isolated vessel study. The guinea pigs were killed 
with an overdose of pentobarbital sodium and four 
4 mm rings of thoracic aorta were isolated. The aortic 
rings were suspended in individual vessel baths that 
contained 10 ml of physiologic salt solution comprising 
(in mmol/L) sodium chloride 119, potassium chloride 
4.7, magnesium sulfate 7, water 1.17, sodium bicar- 


bonate 22.6, potassium phosphate 1.18, glucose 5.5, 


sucrose 50, and calcium chloride 3.2, maintained ata 


constant temperature (37.5° C) and bubbled with a mix- 
ture of 95% oxygen and 5% carbon dioxide. Contractile 
response was measured by a force displacement trans- 
ducer (model FT0-3C, Grass Instruments, Quincy, 
Mass.) after 1 hour of equilibration in vessels preset at 


' 1:5 gm tension. In separate studies.in nine aortic rings 


from. nonpregnant animals and six aortic rings from 
pregnant animals, we found that 80 mol/L potassium 
chloride produced maximal contractions that varied 
<3% when resting tensions were set at 1.5, 2.0, or 3.0 


gm in vessels from nonpregnant or pregnant animals. 


Aortic - ‘rings were prestimulated with 80 mmol/L 
potassium chloride and.allowed to relax to baseline. 
Phenylephrine hydrochloride | was added cumulatively 
to two baths in concentrations of 5 x 107°, 5 x 1078, 
5 x 1077,5 x 1075,5 x 107%,and 10° iad) nana 
epinephrine to two baths in concentrations of 5 x 107°, 
5 x 1078, 5 x 1077, 5 xX 1075, 10 and 10> 
mol/L’ tó generate dose-response curves. After re- 
peated flushing, meclofenamate (1077 mol/L) or the 
same volume (0.2 ml) of normal säline solution was 
added to the bath. After 15 minutes, the dose responses 
to phenylephrine hydrochloride and norepinephrine 
were repeated. After repeated flushing, norepineph- 
rine (5 x 107° mol/L) was added to each bath to 
generate approximately al gm contraction. Only ves- 
sels that relaxed after the administration of acétylcho- 
line (1076 mol/ L) or the calcium ionophore A23187 
(5 x 10-7 mol/L) were considered to have a functional 
endothelium and were included in this report. 
Statistics. Two-way analysis of variance was used to 
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Table II. Pressor and hemodynamic effects of angiotensin II and phenylephrine infusion before and after 
meclofenamate administration i in nonpregnant and pregnant eae pigs. . ` 






Angiotensin II 
Blood pressure (mm Hg) 


A(0 — 54). 
Cardiac output (ml/min) “0 


54 

A(0 — 54) 

Ben ee . 0 

Blood pressure {mm Hg) 36 

71 

143 

357 

714 

PEE l A(0 > a 
Cardiac output (ml/min) 
' er 
- 714 
A(O > 714) 





_ Pregnant 





Postmeclo 





60 + 2t 51 + i 61+ 5 58 + 3 
6] + 2F 53 BT 65 +5 60 + 4 
75 + Qt 65 + 3+ 7245 72 +5 
86 + 4+ 75 + 2} 80 + 6 79 +6 
9l] + 2+ 87 + QF 87 +2 86 + 6 
95 + 27 92 + 27 87 4 4 87 + 4. 
.35 +2 42 + OF 28 + 2* 82 2% 
216 + 19 202 + 24 409 + 66* 386 + 60* 
194 + 22 150 + 21 347 + 53* 279 + 69% 
138 + ll 107 + 19 268 + 52* 245 + 44* 
78 +15 90 + 13 141 + 37* 140 + 20% 
64 + 2f 52 + 2f 58 +4 59 +5 
65 + 2+ 5 OFT 60 + 4 61+ 5 
67 2:27 55 + OF 63 +4 63 +5 
69 + 2f 59 + 27 69 + 3 67 + 4 
15. OT 64 + 27 7444 75 +5 
82 21" 70 + 27 78 + 5 78 +5 
IZ E2 19 + 3. 20 + 3 20 +4 
220 + 12 203 + 12 377 + b5* 383 + 60* 
198 + 15 198 + 15 344 + 54 302 + 57 
165 + 18 168 + 18 . 224 + 47* . 194 + 38* 
56 + 11 35 +9 190 + 51% 


153 £ 35% 





Values are means + SE. 
*Nonpregnant versus pregnant, p<0. 05. 
tPremecio versus postmeclo (meclofenamate), p < 0.05. 


assess the effect of increasing dieses of angiotensin 1, 
phenylephrine hydrochloride, or norepinephrine on 
systemic-vascular resistance, cardiac output, blood pres- 
sure, and vessel contraction. ‘Comparisonis, between 
pregnant and nonpregnant groups were performed 
with two-way analysis of variance with replications; 
paired t tests were used to’compare values before and 
after treatment with meclofenamate. Changes i in blood 
pressure and systemic vascular resistance responsive- 
ness after treatment with meclofenamate were also 
compared with those obtained after treatment with nor- 
mal saline solution by paired tests to control for effects 
of time. Data are expressed as mean + SEM. Compar- 
isons were considered significant when the two-tailed 
p<0.05. © 


Results 


Base-line conditions. Total body weight but not ma- 
ternal weight was greater in the pregnant than in the 
nonpregnant animals (Table J). Systemic vascular re- 
sistance was lower in the pregnant than in the non- 
pregnant animals, whether expressed in absolute values 
or relative to maternal body weight (Table I). Mean 
arterial pressure. was similar in the two groups. The 
pregnant animals had greater total cardiac output and 
tended to have greater cardiac output per gram of ma- 
ternal weight (p = 0.07) (Table I). 

Effects of angiotensin II, phenylephrine, and nor- 
epinephrine. Intravenous angiotensin II caused a dose- 


dependent increase in systemic vascular resistance 
(Fig. 1) accompanied by a rise in blood pressure and 
fall in cardiac output (Table II). The pregnant com- 
pared with the nonpregnant animals had approxi- 
mately half the systemic vascular resistance response to 
angiotensin II infusion when expressed in absolute val- 
ues (Asystemic vascular resistance = 0.233 + 0.054 
versus: Q. 446 + + 0.073 mm Hg per milliliter per minute 
in the pregnant and nonprégnant animals, respectively, 
p <.0.05) or relative to maternal body weight (Asys- 
temic vascular resistance = 144 + 27 versus 341 + 48 
mm Hg per millimeter per minute per gram maternal 
weight, respectively, p < 0.05). The pressor response 
to angiotensin II was lower in the pregnant than i in the 
nonpregnant guinea pigs (Table II). The fall in cardiac 
output with angiotensin II infusion was greater in the 
pregnant than in the nonpregnant animals when ex- 
pressed in absolute values (Table II) but similar 
when expressed relative to maternal. body weight 
(0.147 + 0.033 versus 0.111 + 0:024 mi per minute 
per gram maternal weight, respectively, p = NS). 
Phenylephrine hydrochloride infusion. produced a 
dose-dependent increase in systemic vascular resistance 
(Fig. 1), a rise in blood pressure, and a fall in cardiac 
output (Table II). Systemic vascular resistance was re- 
duced in the pregnant animals equally at baseline and 
during phenylephrine hydrochloride infusion, with a 
result that the systemic vascular resistance response 
was similar in the pregnant and nonpregnant guinea 
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Fig. 2. Contractile response of isolated thoracic aorta rings to phenylephrine and norepinephrine 
is shifted rightward, indicating a decreased sensitivity in pregnant compared with nonpregnant 
animals. Values before meclofenamate was added to vessel bath (closed circles, ®©) did not differ from 
values after meclofenamate (open circles, ©), indicating meclofenamate did not augment contractile 


sensitivity. 


pigs (Asystemic vascular resistance = 0.274 + 0.069 
versus 0.286 + 0.065 mm Hg per milliliter per minute 
in the pregnant and nonpregnant animals, respectively, 
p = NS). The pressor response to phenylephrine hy- 
drochloride infusion was similar in the pregnant and 
nonpregnant groups (Table I1). The fall in cardiac 
output was greater in the pregnant than in the non- 
pregnant animals, whether expressed in absolute val- 
ues (Table II) or relative to maternal body weight 
(0.184 + 0:039 versus 0.066 + 0.016 ml per minute 
per gram maternal weight, p < 0.05). 


Phenylephrine hydrochloride and norepinephrine 


produced dose-dependent contractions of isolated aor- 
tic rings (Fig. 2). The vessels from pregnant and non- 
pregnant animals developed similar maximal contrac- 
tions to phenylephrine hydrochloride (4.3 + 0.1 gm 
and 4.3 + 0.3 gm, respectively, p = NS) and to nor- 
epinephrine (4.5 + 0.1 gm and 4.2 + 0.5 gm, respec- 
tively, p = NS). The sensitivity to both agonists was re- 
duced in the vessels from the pregnant compared with 
the nonpregnant animals (Fig. 2). Efforts to elicit con- 
tractile responses to angiotensin II wete unsuccessful 
as tachyphylaxis developed after the initial contraction. 

Effects of meclofenamate. The administration ‘of 
meclofenamate, a cyclooxygenase inhibitor, did not 
change systemic vascular resistance before agonist in- 
fusion (Fig. 1). Meclofenamate decreased blood pres- 
sure but increased. the pressor and systemic vascular 
resistance responses to angiotensin II in the nonpreg- 
nant animals only (Fig: 1, Table II). The systemic vas- 
cular resistance and pressor responses to angiotensin 
II remained lower in the pregnant animals than in the 


nonpregnant animals after meclofenamate (Fig. 1, 
Table II).. The administration of saline solution in- 
creased the pressor response to angiotensin II in non- 
pregnant animals only (31 + 3 mm Hg to 38 + 2 mm 
Hg, p < 0.05) but did not change systemic vascular re- 
sistance response in either group (data not shown). 

Meclofenamate administration did not alter the sys- 
temic vascular resistance or pressor responses to phen- 
ylephrine infusion (Fig. 1, Table II). Meclofenamate 
reduced blood pressure in the nonpregnarit guinea pigs 
but the pressor response was unchanged (Table II). At 
the highest phenylephririe hydrochloride dose, meclo- 
fenamate tended to lowér systemic vascular resistance 
in the nonpregnant animals and raise systemic vascular 
resistance in the pregnant animals with a result that the 
systemic vascular resistance during phenylephrine hy- 
drochloride infusion no longer differed in the preg- 
nant and nonpregnant groups (Fig. 1). Neither the 
blood pressure nor the systemic vascular resistance re- 
sponse to phenylephrine hydrochloride differed before 
and. after the administration of saline solution (data not 
shown). 

Meclofenamate did not change the contractile re- 
sponse to phenylephrine hydrochloride or norepi- 
nephrine, nor did it diminish the differences in con- 
tractility observed between the aortic rings isolated 
frorn pregnant compared with nonpregnant animals 
(Fig. 2). 


Comment 


This study reports that pregnancy decreased systemic 
vascular resistance and reactivity to angiotensin II in 
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the awake intact guinea pig and decreased contractility 
to phenylephrine hydrochloride and norepinephrine 
in the isolated thoracic aorta. The decreased vascular 
reactivity and contractility were not restored by meclo- 
fenamate, which suggests that increased vasodilator 
prostaglandins were not responsible for the reduction 
in vascular resistance or contractile responsiveness. 
Previous studies in constant flow—perfused hind 
limb, tail, or isolated lung preparations indicated that 
pregnancy decreased vasoreactivity to a broad range of 
" agonists, including angiotensin II, norepinephrine, and 
hypoxia.'*’’ Reduced systemic and pulmonary pressor 
responsiveness also were observed with pregnancy in 
intact human beings and experimental animals.® *” 
However, decreased pressor responsiveness does not 
necessarily imply reduced reactivity to vasoconstrictor 
stimuli in the whole animal because changes in blood 
flow may also be involved. Few studies have examined 
the effects of pregnancy on alterations in vascular re- 
sistance, blood pressure, and flow. Pregnant sheep 
demonstrated a reduced systemic vascular resistance 
response to angiotensin H because of decreased pressor 
responsiveness in one study" and because of increases 
in flow without changes in pressure in another study.” 


Pregnant women showed little systemic vasoreactivity . 


to norepinephrine, with modest elevations in blood 
pressure attributable to increased cardiac output and 
not vasoconstriction.’ Therefore existing data are 
suggestive but inconclusive as to whether pregnancy 
decreases reactivity to vasoconstrictor stimuli in natural 
settings where flow is not controlled. 

Our approach to the assessment of vasoreactivity was 
to measure the systemic vascular resistance response in 
the whole animal and the contractile response in the 
isolated vessel. We used several agonists over a broad 
range of dosages to characterize the dose-response re- 
lationship as fully as possible. We found that pregnancy 
reduced baseline systemic vascular resistance and the 
resistance, as well as the pressor responses to angio- 
tensin I] infusion. Because cardiac output is influenced 
by body size, we expressed cardiac output and calcu- 
lated systemic vascular resistance with the use of cardiac 
output per gram of maternal body weight to provide 
measurements of flow adjusted by the amount of tissue 
perfused in the pregnant and nonpregnant states. Be- 
cause the pregnant animals had a reduced systemic 
vascular resistance response regardless of whether total 
flow or flow per gram of maternal weight was used in 
the calculation, a decreased pressor response, and a 
similar fall in cardiac output per gram of maternal body 
weight, we concluded that pregnancy decreased vas- 
cular reactivity to angiotensin II in the whole animal. 
However, pregnancy did not reduce the systemic vas- 
cular resistance or pressor response to phenylephrine 
hydrochloride infusion. In this regard, our results 
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were similar to those of McLaughlin and Westney” in 
sheep where pregnancy reduced the femoral vascular 
resistance response to angiotensin II but not to phen- 
viephrine hydrochloride infusion. They are dissimilar, 
however, to those of other investigators who observed 
decreased systemic vascular resistance’ or pressor“? re- 


sponsiveness to phenylephrine hydrochloride or nor- 


epinephrine. The smaller rise in systemic vascular re- 
sistance produced by phenylephrine hydrochloride 
may have made it difficult to detect differences between 
pregnant and nonpregnant animals. Alternatively, the 
effect of pregnancy on the reduction of the vascular 
resistance responsiveness in the whole animal may be 
specific to angiotensin II, at least in the guinea pig. 
Regardless of the effects of phenylephrine hydrochlo- 
ride in the whole animal, we found that the contractile 
responses to phenylephrine hydrochloride and nor- 
epinephrine were reduced in isolated aortic rings from 
pregnant compared with nonpregnant animals. Al- 
though not a resistance vessel, we used the thoracic 
aorta as an easily accessible vessel to provide an indi- 
cation of changes in vascular contractility that occur 
more generally in pregnancy. The decreased contractile 
responsiveness observed was consistent with the de- 
creased contractile responsiveness seen with pregnancy 
in the isolated aorta by other investigators.’ We there- 
fore concluded that pregnancy reduced vasoreactivity 
ir. response to angiotensin IJ and phenylephrine hy- 
drochloride in the isolated guinea pig aorta, but only 
tc angiotensin ÍI in the setting of the whole animal. 
We sought to determine whether pregnancy reduced 
systemic, vascular, and contractile responsiveness by in- 
creasing the production of vasodilator prostaglandins. 
If so, we expected that vasoreactivity would increase 
after prostaglandin inhibition to achieve equal values 
in the pregnant and nonpregnant states. Our results 
indicated that meclofenamate, a prostaglandin synthe- 
sis inhibitor, potentiated the pressor and systemic vas- 
cular resistance responses to angiotensin II in non- 
pregnant animals. This was consistent with previous 
observations of angiotensin II-induction of vasodilator 
prostaglandins.'? However, meclofenamate adminis- 
tered to pregnant animals had no effect on systemic 
vascular resistance, systemic vascular resistance and 
pressor responsiveness to angiotensin II, or contractile 
responsiveness to phenylephrine hydrochloride and 
norepinephrine. We considered it likely that the dose 
of meclofenamate used inhibited cyclooxygenase in- 
sofar as the dose has been shown to produce inhibi- 
tion,” and a marked reduction in serum thromboxane 
B» generation occurred. We therefore concluded that 
vasodilator prostaglandins were not involved in the re- 
ductions in basal tone or vasoreactivity observed in the 
pregnant state compared with the nonpregnant state. 
Although many workers have postulated that in- 
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creased vasodilator prostaglandins mediate the de- 
creased pressor responsiveness of pregnancy, no data 
are available, to our knowledge, as to whether vasodi- 
lator prostaglandins are involved in decreasing systemic 
vascular resistance, systemic vascular resistance re- 
sponsiveness, and isolated vessel contractility. Pregnant 
women experience increased pressor responsiveness to 
angiotensin II after indomethacin,’ but because indo- 
methacin augments pressor responsiveness in non- 
pregnant subjects," it is unclear whether the increased 
pressor responsiveness was unique or exaggerated in 
pregnancy. Paller* found that meclofenamate increased 
the pressor response to angiotensin II, norepinephrine, 
and vasopressin in pregnant rats to levels that were 
similar to those seen in meclofenamate-treated non- 
pregnant rats. In contrast, we have reported that mec- 
lofenamate failed to restore the pulmonary pressor or 
vascular resistance response to hypoxia, prostaglandin 
F,,, and norepinephrine in pregnant dogs. Conrad and 
Colpoys’ also found that the blunted pressor respon- 
siveness to angiotensin II or norepinephrine in preg- 
nant rats was unaffected by either indomethacin or 
meclofenamate, two structurally different cyclooxygen- 
ase inhibitors. Thus neither our findings nor those of 
Conrad and Colpoys’ implicate vasodilator prostaglan- 
dins as being responsible for the reduced pressor or 
vascular responsiveness of pregnancy. Perhaps the sim- 
ilarity between the results of the present study and 
those reported by Conrad and Colpoys’ related to the 
use of animals that were chronically catheterized, con- 
scious, and unstressed, whereas the animals used by 
Paller‘ had undergone catheterization 1 hour before 
study. Prostaglandin production is known to be en- 
hanced by anesthesia and by conditions of stress, per- 
haps especially in pregnant animals.’ 

In summary, we found that pregnancy decreased sys- 
temic vascular resistance in near-term guinea pigs and 
decreased the vascular resistance and pressor responses 
to angiotensin II. Decreased contractile responses to 
phenylephrine hydrochloride and norepinephrine in 
isolated aortic rings from pregnant compared with non- 
pregnant animals supported the concept of a gener- 
alized reduction in vasoreactivity with pregnancy. Va- 
soreactivity to angiotensin II, phenylephrine hydro- 
chloride, and norepinephrine was not restored by 
meclofenamate, which suggests that vasodilator pros- 
taglandins were not the mediators of pregnancy- 
induced reductions in vasoreactivity observed. Further 
studies are needed to define the vasodepressor agents 
of pregnancy and the functional consequences of al- 
terations in vasoreactivity for maternal and fetal well- 
being. 

Ken Morris provided valuable technical assistance, 
Dr. Ivan McMurtry gave helpful advice, and Dr. 
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Norbert Voelkel generously measured thromboxane 
levels for us in his laboratory. Steve Hofmeister pre- 
pared the figures, and Christine O'Brien prepared the 
manuscript. 
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Comparison of filter in situ deoxyribonucleic acid 
hybridization with cytologic, colposcopic, and histopathologic 


examination for detection of human papillomavirus infection in 


women with cervical intraepithelial neoplasia 


i 


Patricia J. McNicol, PhD,” Fernando B. Guijon, MD, Maria Paraskevas, MD,* and 


Robert C. Brunham, MD" 
Winnipeg, Manitoba, Canada 


Material from uterine cervical scrapings of 98 women with cervical intraepithelial neoplasia were analyzed 
by filter in situ hybridization for human papillomavirus infection. Concurrently obtained Papanicolaou 
smears and colposcopically directed biopsy specimens were also examined for papillomavirus infection. 
Hybridization was superior to cytologic and colposcopic examinations and was equivalent to 
histopathologic study for papillomarius detection. Infection with virus types 6 and/or 11 was associated 
with milder disease, whereas virus types 16 and/or 18 infection alone or in association with types 6 
and/or 11 was associated with more severe disease. Because papillomavirus infection may not be 
detected by cytologic or colposcopic examination and specific virus types have been documented to be 
associated with invasive disease, deoxyribonucleic acid hybridization analysis for at least these virus types 
should be carried out in conjunction with conventional procedures ‘when evaluating women with cervical 
disease. Filter in situ hybridization is a simple, rapid, noninvasive procedure and has enhanced diagnostic 
value over conventional procedures by defining infecting virus types. (Am J OBsTET GYNECOL 1989;160: 


265-70.) 


Key words: Human papillomavirus, DNA hybridization, Papanicolaou smear 


The cervicovaginal cytology of sexually active women 
is assessed routinely by Papanicolaou smear. This pro- 
cedure detects early evidence of cervical intraepithelial 
neoplasia and has proved to be an effective public 
health tool in the prevention of invasive cervical cancer. 
However, the technique has recognized shortcomings. 
It is estimated that 10% to 50% of Papanicolaou smears 
may be misdiagnosed for several reasons, including in- 
adequate specimens.’ If the exfoliated cells collected 
for cytologic review are not representative of the spec- 
trum of cervical disease, undiagnosed lesions remain 
untreated.’ Even with appropriate diagnosis the pro- 
gram still has shortcomings, in that the behavior of 
precancerous lesions cannot be predicted accurately on 
the basis of cellular morphology.’ 

A growing body of evidence implicates human pap- 
illomavirus in the etiology of cervical neoplasia.* Al- 
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though several human papillomavirus types infect the 
genital tract, types 6, 11, 16, and 18 are encountered 
most frequently. Human papillomavirus types 6 and 11 
are associated with benign condylomatous disease, 
whereas types 16 and 18 are often detected in severe 
dysplasia and carcinoma. These observations suggest 
that identification of the specific human papillomavirus 
type(s) infecting the genital tract may have prognos- 
tic value in the management of cervical disease, and 
that the efficacy of the Papanicolaou smear screening 
program could be improved by combining cytologic 
analysis with identification of human papillomavirus 
infection. 

Investigators using cloned human papillomavirus ge- 
nomes as nucleic acid probes have developed proce- 
dures for detecting cervical human papillomavirus in- 
fection. Many of these investigations apply Southern 
blot analysis to cellular deoxyribonucleic acid (DNA) 
isolated from cervical biopsy tissue.” ° Although South- 
ern blot analysis is reliable, the procedure is time con- 
suming and laborious, precluding its usefulness for 
routine screening. Cervical human papillomavirus in- 
fection can also be detected by in situ DNA hybridi- 
zation analysis performed directly on exfoliated cervical 
cells.”° Filter in situ hybridization is a more rapid and 
less invasive technique, and the present study dem- 
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Fig. 1A. Typing of human papillomavirus in exfoliated cer- 
vical cells. Duplicate membranes were hybridized nonstrin- 
gently with human papillomavirus types 6/11 or types 16/18 
probe, washed nonstringently, and autoradiographed. Arrows 
in panels A and B indicate signals evident after stringent 
washes. In column 7, spots of strong hybridization signal cor- 
respond to position of human papillomavirus genomic DNA 
positive controls, whereas B indicates position of buccal cell 
negative control. 


onstrates that the procedure can be adapted to com- 
plement the existing Papanicolaou screening program. 


Material and methods 


Clinical specimens. Specimens were collected from 
98 women referred consecutively to the colposcopy 
clinic because of a previous abnormal Papanicolaou 
smear. Upon examination, a second Papanicolaou 
smear was prepared and classified by standard criteria 
as normal, benign atypia, or dysplastic atypia (dyspla- 
sia). The degree of dysplasia was based on the degree 
of nuclear and cytoplasmic changes. Evidence of con- 
dyloma was recognized by the presence of koilocytic 
celis.” Residual cells remaining on the spatula and swab 
after preparation of the Papanicolaou smear were sus- 
pended in 5 ml of phosphate-buffered saline solution 
and kept at — 20° C until DNA hybridization analysis. 
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Fig. 1B. Membranes were washed subsequently under strin- 
gent conditions and autoradiographed. Arrows in panels A and 
B indicate signals evident after stringent washes. In column 
7, spots of strong hybridization signal correspond to posi- 
tion of human papillomavirus genomic DNA positive con- 
trols, whereas B indicates position of buccal cell negative 
control. 


Each clinical examination included a standardized col- . 
poscopic review with findings recorded according to 
the nomenclature adopted at the Second World Con- 
gress of Colposcopy.'’ Colposcopic findings for con- 
dylomatous lesions were defined as regularly spaced, 
long, looped capillaries within a raised white lesion; flat, 
noncondylomatous lesions were characterized by a 
shiny, white epithelium. Dull, grayish epithelium was 
associated with cervical intraepithelial neoplasia. Col- 
poscopically directed biopsy samples of cervical le- 
sions were collected and sent for histopathologic exam- 
ination. Cervical tissue was fixed in 10% phosphate- 
buffered formalin, processed and blocked in paraffin, 
and sectioned to a thickness of 4 io 5 wm. To these 
sections were added hematoxylin-eosin stain and, when 
necessary, periodic acid—Schiff stain with or without 
diastase. The degree of cervical intrapeithelial neopla- 
sia was graded as slight dysplasia (grade I), moderate 
dysplasia (grade II), and severe dysplasia or carcinoma 
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in situ (grade III)."* The presence or absence of mi- 
croinvasion was noted. Koilocytosis, dyskeratosis, or ba- 
sal cell hyperplasia were taken as evidence of human 
papillomavirus infection.” -All concurrently obtained 
cytologic and histologic specimens were examined by 
the same pathologist (M. P.). 

Filter in situ hybridization analysis. Exfoliated cer- 
vical cells, frozen in phosphate-buffered saline solution, 
were thawed at room temperature and pelleted by cen- 
trifugation at 4000 g for 10 minutes. The supernatant 
was removed by aspiration and each cell pellet was re- 
suspended in 250 pl of phosphate-buffered saline so- 
lution. A 125 ul aliquot of each specimen was spotted 
onto duplicate nylon membranes. Up to 50 specimens 
were spotted per membrane. A 1 ng quantity of 
genomic DNA for each of human papillomavirus types 
6b, 11, 16, and 18 acted as positive controls, whereas 
pooled exfoliated buccal cells collected from six indi- 
viduals free of oral human papillomavirus. infection 
served as a negative control. Cell lysis and DNA den- 


aturation was accomplished essentially as described `. 


previously.” After air drying, nucleic acids were fixed 
to the membranes by baking at 68° C for 4 hours. 

All filters were prehybridized for 3 hours at 42° C in 
a solution containing 20% formamide, 5X standard sa- 


line citrate (1X standard saline citrate contains 0.15 mol | 


NaCl and 15 mmol sodium citrate), 5X Denhardt’s so- 
lution (50X Denhardt's solution contains 1% Ficoll 400, 
1% polyvinyl pyrrolidone, and 1% bovine serum al- 
bumin fraction V), 0.5 mg/ml yeast transfer ribonucleic 
acid, and 20 mmol Tris-HCl at pH 7.5. After pre- 
hybridization, nick-translated pooled genomic DNA 
probes for human papillomavirus types 6b and 11 and 
types 16 and 18 were heat denatured and added to the 
prehybridization buffer of respective duplicate filters. 
Probes were radiolabeled to a specific activity of 1 to 
3 x 10° cpm/yg DNA and were added to the hybrid- 
ization buffer to a final concentration of 10 ng/ml per 
DNA species. Hybridization was carried out overnight 


at 42° C (40° C below melting temperature). Filters were ` 
washed twice for 30 minutes at 50° C in 2X standard © 


saline: citrate and 0.1% ‘sodium dodecyl sulfate, fol- 
lowed by two 30-minute washes in 0.1 X standard saline 
citrate/0.1% sodium dodecyl sulfate. The nylon filters 
were kept moist and autoradiographed at — 70° C with 
Kodak XAR-5 x-ray film and Dupont intensifying 
screens for 1 to 3 days. Filters were rewashed as de- 
scribed above at 65° C (20° C below melting tempera- 
ture). Autoradiography was repeated for 5 to 7 days. 
Infecting virus types were determined by comparing 
hybridization signals obtained under a te and 
stringent conditions. 
Assay sensitivity. A titration series. of HeLa cells 
known to harbor approximately 10 copies of integrated 
human papillomavirus type 18 genome" was treated in 
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Fig. 1C. Finally, membranes were hybridized to an Alı I re- 
petitive DNA probe to determine specimen adequacy B in- 
dicates position of buccal cell negative control. 


the same manner as cervical cells and was indicazed in 
the human papillomavirus probe hybridization proce- 


' dure to assess the sensitivity of the assay. With the use 


of homologous probe arid after washing under strin- 
gent conditions as described above, the procedure was 


"capable of detecting as few as 10* HeLa cells with over- 
night autoradiography. 


Quantiation of cellular DNA in exfoliated cel’s. Af- 


ter the hybridization results were obtained with the 
. human papillomavirus probes, it was necessary to de- 
` termine whether a negative finding was due to tae ab- 


sence of human papillomavirus infection or to an in- 
adequate. specimen. The relative amount of kuman 


- genomic DNA in each specimen, was determined by 


comparing the overnight autoradiographic signals ob- 
tained with a titration series of HeLa cells and with 


'- clinical specimens after hybridization under str-ngent 


conditions with a probe for an Alu I repetitive DNA 
sequence cloned from the human genome.” Any spec- 


- imens visually demonstrating an autoradiographic sig- 


nal less than that observed with 10° HeLa cells were 

excluded from the study. Of the 111 specimens ana- 

lyzed, 98 (88%) were judged to be adequate. 
Statistical analysis. Where appropriate, statistical 
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Table I. Human papillomavirus DNA 
hybridization analysis of exfoliated cervical 
cells and histopathologic findings 











`- Human 












i papillomavirus 
Stage of cervical DNA 
intraepithelial mae 
I 37 7 84 
II 13 5 72 
III 29 7 81 
TOTAL 79 19 81 





analysis was performed. The Fisher exact test and 
McNemar’s test were used to test differences in pro- 
portions. 


Results- 

An example of a representative experiment deter- 
mining the presence and type of human papillomavirus 
in exfoliated cervical cells is shown in Fig. 1. Duplicate 
membranes were hybridized under nonstringent con- 
ditions to human papillomavirus types 6/11 or 16/18 
probes, washed under nonstringent conditions, then 
autoradiographed (Fig. 1, A). The same membranes 
were washed subsequently. under stringent conditions 
and autoradiographed (Fig. 1, B). Finally, the mem- 
branes were hybridized under stringent conditions to 
a probe for the Alu I repetitive DNA sequence to give 
an indication of the relative number of cells per spec- 
imen (Fig. 1, C). 

With reference to Fig. 1, specimens in row A, col- 
umns I, 3, 4, and 6 are inadequate. The specimen in 
row D, column 1 contains human papillomavirus types 
6/11 DNA. Specimens in row B, column 3 and 4 harbor 
types 16/18 DNA, while specimens in row C, columns 
` land 6 harbor types 6/11/16/18 DNA. Negative spec- 
imens are evident in row A, column 2; row B, columns 
1, 5, and 6; and row C, columns 2 and 4. Suspected 
but untypeable human papillomavirus infections are 


evident 1 in row A, column 5; row B, columns 2 and-5; ` 


and row C, columns 3 and 5. The results of DNA hy- 
bridization analysis - of cervical scraping material are 
given in Table I. Overall, human papillomavirus DNA 
was deteced in 79 of the 98 women (81%). The sensi- 
tivity of human papillomavirus DNA detection was not 
affected significantly by the grade of cervical intraep- 
ithelial neoplasia (p > 0.5). Eo 
As.listed in Table II, human papillomavirus types 
differed with the grade of cervical intraepithelial neo- 
plasia. Twenty- -two of 34 (65%) ħuman papillomavirus 
types 16/18 infections alone and in conjunction with 
types 6/11 were associated with cervical intraepithelial 
neoplasia grade II or greater lesions, whereas 13 of 
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32 (41%) types 6/11 infections were associated with 
higher-grade- lesions. Human papillomavirus types 
16/18 infection in conjunction with types 6/11 was 
found significantly -more often in higher-grade cervical 
intraepithelial neoplasia lesions (p = 0.032) than in- 
fection with types 6/11 only. There were too few pa- 
tients infected solely with human papillomavirus types 
16/18 for statistical analysis. 

Thirteen women in our study group were infected 


-with human papillomavirus type(s) nonhomologous 


with the probe panel under stringent conditions (Table 
II). The prevalence of infection with unidentified types 
did not vary with the degree of cervical intraepithelial | 
neoplasia (p = 1.0). 

‘Comparative sensitivity of cytologic, colposcopic, 
and histopathologic examinations. Findings obtained 
by filter in situ hybridization and cytologic, colposcopic, 
and histopathologic examinations are given in Table 
III. Of 98 women, 79 (81%) had evidence of human 
papillomavirus infection by DNA hybridization. Nei- 
ther cytologic nor colposcopic examination approached 
the sensitivity of DNA hybridization (p < 0.001). Thirty 
(31%) women had human papillomavirus infection rec- 
ognized by cytologic methods and 34 (35%) had the 
infection recognized by colposcopic analysis. There was 
no difference in the sensitivity of these two tests 
(p < 0.60). Seventy-eight (80%) women were deter- 
mined to have human papillomavirus infection by his- 
topathologic examination. This procedure was more 
sensitive than either cytologic or colposcopic methods 
(p < 0.001 and p <.0.001, respectively) and was as sen- 
sitive as DNA hybridization (p = 1.0) for detecting hu- 
man papillomavirus infection. 

Nineteen women had no evidence of human papil- 
lomavitus infection by DNA hybridization, but within 
this group 3, 5, and 16 women had evidence of human 
papillomavirus infection based on cytologic, colpo- 
scopic, and histopathologic findings, respectively (Ta- 
ble III). 

Evidence of human papillomavirus infection, de- 
tectable by cytologic, colposcopic, or histopathologic 
analysis, could not be correlated with infecting human 
papillomavirus’ type (Table III), With regard to cyto- 
logic findings, koilocytosis in Papanicolaou smears was 
not related to infection with particular human papil- 
lomavirus types (p = 0.44). Of 32 women with human 
papillomavirus types 6/11 infection, 12 (38%) had koi- 
locytotic Papanicolaou smears. Of six women infected 
with types 16/18 only, 3 (50%) had evidence of koilo- 
cytosis in the Papanicolaou smear. Colposcopically de- 
tectable condylomatous changes also were not related _ 
to human papillomavirus type (p = 0.22). Condylo- 
matous changes were observed by colposcopic exami- 
nation in 14 of 32 women (44%) infected with human 
papillomavirus types 6/11. Of the six women infected 
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Table II. ein inillomavinis Te associated with stages. -Of cervical intraepithelial neoplasia 





Stage of cervical 6/11 
intraepithelial 
neoplasia 
I 19 43 
II 3 17 
III 10 28 
TOTAL 98 32 33 


Human papillomavirus 


6111116/118 


7 9 20 6 

6 9 50 0 0 
6 10 28 7 19 
6 98 29 13 13 


*Hybridization signal was detected under conditions of reduced stringency only with probes for human papillomavirus types 


6/11 and types a 


a 


Table IT. Human papillomavirus type and visible evidence of human papillomavirus infection by 
cytologic, colposcopic, and histopathologic methods among 98 women with cervical 


intraepithelial neoplasia 


Diagnostic ` 6/11 

procedure - (n = 32) 
Cytology 12 3 
Colposcopy 14 l 
Histopathology 23 4 
None of the above 5 1l 


. Human papillomavirus 


16/18 6111116118 Other* None. 
- (n = 6) -(n = 28) (n = 13) (n = 19) 


o ; 
a © ll 16 
9 9. 3 


*Hybridization signal was detected under conditions of reduced sumgeney oy with probes for human papillomavirus types 


6/11 and ype 16/18. 


with only types 16/18, 1 (17%) had condylomatous 
changes. There was no statistical difference in detection 
of human papillomavirus type-specific: infections 
by histopathologic means (p = 0.57). Condylomatous 
changes were detected by histopathologic analysis in 23 
of 32 women (72%) with human papillomavirus types 
6/11 infection and in 4 of 6 women (67%) with human 
papillomavirus types 16/18 infection. 


Comment | | | 

The concept of the stages of cervical intraepithelial 
neoplasia being a continuum of cervical carcinoma pre- 
cursor lesions is widely accepted. Although many have 
attempted to correlate cytologic and histomorphologic 
changes in cervical epithelium to prognosis of the pre- 
cursor lesion, no specific criterion has been developed. 
. Our findings indicate that it may be of clinical signifi- 
cance to use methods other than morphologic ones to 
delineate those precursor lesions with greatest risk of 
progressing to invasive cancer and to differentiate 
high-risk lesions from those likely to regress sponta- 
neously. Because human -papillomavirus infection ap- 


RTJ, 


tion are not satisfactory for human papillomavirus 
diagnosis, DNA hybridization’ analysis becomes the 
method of choice. i oo 

; Using filter-in situ hybridization, we observed a cor- 
relation between the human papillomavirus type in- 
fecting the cervix and the degree of dysplastic disease, 
supporting the findings of previous investigations.‘ 


. Twenty-nine percent of women in our study were 


found to be infected with mixed human papillomavirus 
types. Other ‘investigators have documented similar 
findings that, mixed infections comprised 3% to 20% of 
infections.’” In our study, mixed infections were asso- 


ciated predominantly with sévere disease. Thus while 
infection with human papillomavirus types 6/11 is as- - 


sociated with lower-grade lesions, coinfection with hu- 
man papillomavirus types 16/18 appears to increase 
the histologic-grade of cervical intraepithelial neoplasia 
over that resulting from human papillomavirus types 
6/11 infection alone. This association may reflect the 


dominant influence of human papillomavirus types 16 
‘and 18 in disease progression or indicate that coinfec- 


tion elicits a synergistic response among human pab 


-pears to be a necessary factor’m the development and 
progression of cervical neoplasia, detection of virus 
types with enhanced oncogenic potential has diagnostic 
value: Because conventional methods for virus detec- 


illomavirus types, resulting in disease progression.’ ~ oe 
Human papillomavirus infection by types not iden: ~ piace 
tified by our probe panel comprised 13% of jnfféctions ms Ni- 
ir: the study group. These types were equally distrib-.’ WA CIG 
Y en “gh pe 
A S 
2 eso A 


awe 
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uted across the spectrum of cervical disease, so they 
may consist of both “benign” and “oncogenic” types. 
Other investigators have reported isolating geograph- 
ically unique human papillomavirus types.’* Because of 
our geographic isolation, we anticipate that such types 
may be identified also in our population. We intend to 
characterize these human papillomavirus types by use 
of a broader probe panel. It would also be of value to 
confirm human papillomavirus infection in these in- 
dividuals by Southern blot analysis. This would elimi- 


nate the possibility that the hybridization signal ob- 


served under nonstringent ‘conditions only is due to 
hybridization of cellular DNA to some part of the viral 
genome. | 

‘We observed, 19. of 98 women with cervical intraep- 
ithelial neoplasia not to be infected with human pap- 
illomavirus as determined by DNA hybridization. How- 
ever,.16 of these 19 women had evidence of human 
papillomavirus infection as determined by at least one 
other diagnostic procedure. The false-negative DNA 
hybridization results obtained for these women may 
indicate infection with human papillomavirus types not 
recognized by our probe panel, a low level of infection, 
or hybridization analysis of nonrepresentative speci- 
mens. Although DNA hybridization is significantly bet- 
ter than cytologic and colposcopic examination for de- 
tecting human papillomavirus infection, false-negative 
results may occur. At the present level of technology, 
filter in situ hybridization is best used to augment rather 
than supercede conventional screening and diagnostic 


procedures. Our findings and those of others'* ® in- . 


dicate that follow-up of cervical disease with more than 
one procedure is required. 

In addition to being a sensitive tool for the identifi- 
cation of human papillomavirus infection, filter in situ 
hybridization is a simple, noninvasive procedure and it 
is applicable to the routine diagnosis of cervical human 
papillomavirus infection. It can readily be used to aug- 
ment existing cytologic or colposcopic procedures. We 
recommend using filter in situ hybridization in con- 
junction with these procedures and suggest that at 
least human papillomavirus types 16/18 infections be 
sought. 


The closed human papillomavirus genomic probes 
were generously provided by Drs. L. Gissmann, E.-M. 
de Villiers, and H. zur Hausen. We thank Mr. Michael 
Gray for skillful technical assistance. 
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CORRESPONDENCE 





Antibiotics in treatment of chorioamnionitis 


To the Editors: 

I read with great interest the recent article by Ogita 
et al. (Ogita S, Imanaka M, Matsumoto M, Oka T, Su- 
gawa T. Transcervical amnioinfusion of antibiotics: a 
basic study for managing premature rupture of mem- 
branes. AM J OBSTET GYNECOL 1988:158:23-7). I com- 
mend the authors on the diligence and precision that 
they displayed in measuring intraamniotic and serum 
concentrations of anubiotics after transcervical infu- 
sion. It is important to recognize, however, that the 
authors most certainly did not conduct a study of the 
efficacy of topical irrigation in preventing maternal and 
fetal infection in patients with preterm premature rup- 
ture of the membranes. Such a study obviously would 
require the blinded and random assignment of appro- 
priately matched, uninfected patients to antibiotic or 
placebo irrigation. Nor have the authors confirmed that 
intrauterine administration of antibiotics is effective 
treatment for patients with overt chorioamnionitis. 
They simply have demonstrated what the intraam- 
niotic, maternal serum, and fetal serum concentration 
of antibiotic might be after single injections of three 
specific drugs. Therefore their conclusions regarding 
the value of topical irrigation as either a prophylactic 
or a therapeutic measure must be regarded as unwar- 
ranted at the present time. 

Clinicians should be wary of adopting the recom- 
mendations proposed by these authors until properly 
designed investigations have been completed. 

Patrick Duff, MD 
Division of Maternal-Fetal Medicine 
Madigan Army Medical Center 
Tacoma, WA 98431-5600 


Reply 
To the Editors: 

We respectfully acknowledge Dr. Duff’s comments 
on our study on transcervical amnioinfusion of anti- 
biotics. As pointed out, we simply have demonstrated 
concentrations in the amniotic fluid, maternal serum, 
and fetal serum after single amnioinfusion of these 
three antibiotics. As far as this study is concerned, we 
have no intention to state or conclude that our method 
is effective treatment for patients with overt chorioam- 
nionitis in this study. The patients in whom we infused 
antibiotics transcervically did not have premature rup- 
ture of the membranes. This was just a basic study for 
managing premature rupture of the membranes as 
subtitled. We considered that these cases simulated well 
premature rupture of the membranes. 

Our most important concern is to study a method 


for raising antibiotic concentrations not in the fetus but 
in the amniotic fluid to prevent ascending infection or 
to treat chorioamnionitis. It is necessary to raise local 
antibiotic concentrations to meet the need, as is done 
in cancer treatment. 

With this meaning, our method of transcervical am- 
nioinfusion of antibiotics was successful although no 
clinical results were demonstrated. Another article has 
since been published on this subject.’ 

Sachio Ogita, MD 
Motoharu Imanaka, MD 
Masahiko Matsumoto, MD 
Tomoko Oka, MD 
Tadasht Sugawa, MD 
Osaka City Perinatal Center 
Debartment of Obstetrics and Gynecology 
Osaka City University 
1-Bainan, Nishinari 
Osaka, Japan 557 


REFERENCE 


l. Ogita S, Mizuno M, Takeda Y, et al. Clinical effectiveness 
of a new cervical indwelling catheter in the management 
of premature rupture of the membranes: a Japanese col- 
laborative study. AM J OBSTET GYNECOL 1988; 159:335-41. 


The oral glucose tolerance test with one 
abnormal value 


To the Editors: 

We congratulate Langer et al. for addressing a pre- 
vicusly unreported, common clinical problem in ob- 
stetrics, namely, the significance of a single abnormal 
value during an oral glucose tolerance test (Langer O, 
Brustman L, Anyaegbunam A, Mazze R. The signifi- 
cance of one abnormal glucose tolerance test value on 
adverse outcome in pregnancy. AM J OBSTET GYNECOL 
1937;157:758-63). In this study patients with only one 
abnormal value on a 3-hour oral glucose tolerance test 
(OGTT) were compared with a group of patients with 
gestational diabetes (diagnosed by at least two abnormal 
values on an OGTT) and with a group of patients with 
normal glucose tolerance. Langer et al. concluded that 
patients with one abnormal value on an oral glucose 
tolerarice test, if untreated, are strongly associated with 
adverse perinatal outcome. 

The authors also speculated that treatment of pa- 
tients with one abnormal glucose tolerance test value 
would result in a significantly lower incidence of ad- 
verse perinatal outcome; however, they did not present 
data to support this assumption. Our experience at 
Cleveland Metropolitan General Hospital supports 
their speculation. We have previously described the ma- 
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Table I. Intrapartum and neonatal characteristics of the three groups 


Control One abnormal value 
(N = 158) (N = 26) 


Birth weight (gm) 3302 + 662 
Gestational age (wk) 39.2 + 1.9 
K score 0.27 + 0.65 
Primary cesarean section 17 (11%) 
Breech presentation 6 (4%) 


Gestational diabetes 


(N = 158) 
3357 + 461 3463 + 740 
39.6 + 1.4 39 + 1.9 
0.31 + 0.90 0.58 + 0.99% 
2 (8%) 29 (18%)+ 
0 6 (4%) 





Values for birth weight, gestational age, and K score are mean + SD. 


*p < 0.04, compared with other two groups. 
tp < 0.02, compared with other two groups. 


ternal, intrapartum, and neonatal characteristics of 158 
patients with gestational diabetes and compared them 
with a matched, nondiabetic control group.' Our report 
excluded 26 patients who were not gestationally dia- 
betic but had one abnormal value on the OGTT. These 
26 patients were treated in the same way as the patients 
with gestational diabetes. They were placed on a diet 
and received dietary consultation throughout the an- 
tenatal period. Glucose monitoring and antepartum fe- 
tal surveillance were also instituted. Maternal charac- 
teristics in this group were compared with those of the 
women with gestational diabetes and the matched non- 
diabetic (normal) control subjects. No differences in 
maternal age, parity, antenatal risk score, or birth 
weight were noted. When the birth weight was adjusted 
for gestational age or K score,* no significant difference 
was observed between the group with one abnormal 
value and the control group (Table I). However, the 
adjusted birth weights in both these groups were sig- 
nificantly less than those in the group with gestational 
. diabetes. The primary cesarean birth rate for vertex 
presentation in our treated group with one abnormal 
value was not significantly different from that in the 
matched control group. 

Although not prospectively randomized into groups 
with and without treatment, our data support the spec- 
ulation by Langer et al. that treatment of patients with 
one abnormal value could lower the incidence of ad- 
verse perinatal outcome. Recently, Tallarigo et al.” re- 
ported that even limited degrees of maternal hyper- 
glycemia, i.e., plasma levels considered to be “within 
the normal range,” may affect the outcome of preg- 
nancy. These investigators demonstrated a positive cor- 
relation between high (but “normal”) 2-hour plasma 
glucose levels on the OGTT and incidence of preg- 
nancy complications such as macrosomia, toxemia, or 
cesarean section. 

These data suggest that patients with one abnormal 


This work was supported by National Institute of Health grants 
HD11089 and RR-00210. 

*K score is a standard score for birth weight for each gestational age 
corrected for the population where the mean is O, the tenth percentile 
is — 1, and the ninetieth percentile is +1. 


glucose value on the OGTT or patients with mild hy- 
perglycemia may benefit from nutritional and dietary 
management. However, since the tmplications and 
long-term sequelae in this group of patients are un- 
known, further controlled investigations are war- 
ranted. 
Elliot H. Philipson, MD 
Satish C. Kalhan, MD 
Roger H. Hertz, MD 
Departments of Obstetrics and Gynecology and Pediatrics 
3395 Scranton Road 
Cleveland Metropolitan General Hospital 
Cleveland, OH 44109 
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Reply 
To the Editors: 

We appreciate the supportive comments of Drs. Phil- 
ipson, Kalhan, and Hertz regarding our study of one 
abnormal value during an OGTT. We are delighted 
that our initial speculation, that treatment of patients 
with one abnormal value might result in a reduced 
incidence of adverse fetal outcome, was corroborated. 
The benefits and appropriate choice of treatment have 
not been determined. However, the findings of this 
group further support the direction of our studies, and 
we commend them for their efforts. 

Oded Langer, MD 
Montefiore Medical Center 
The Jack D. Weiler Hospital of the 

Albert Einstein College of Medicine Division 
1825 Eastchester Road 
Bronx, NY 10461 
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Management of pregnancy in 
diethylstilbestrol-exposed patients 


To the Editors: 

The article by Ludmir et al. (Ludmir J, Landon MB, 
Gabbe SG, Samuels P, Mennuti MT. Management of 
the diethylstilbestrol-exposed pregnant patient: a pro- 
spective study. AM J OBSTET GYNECOL 1987;157:665- 
9) deals with an interesting and important topic but 
unfortunately fails to resolve the question of whether 
pregnancy outcome could be improved with a stan- 
dardized management protocol emphasizing the ag- 
gressive use of cerclage in diethylstilbestrol-exposed 
pregnant women. The authors did indeed perform a 
prospective study using a standardized management 
protocol. They divided patients into those with a “hy- 
poplastic cervix,” that is, one defined as “less than 1 cm 
in length,” and those with a normal cervix on palpation 
during initial clinical examination. Their results do in 
fact show a difference in outcome between these two 
groups. There is also a difference in outcome within 
the expectant management group of 37 patients in that 
perinatal losses were more frequent in patients who did 
not undergo an emergency cerclage. On the surface 
then it would seem that cerclage saved a number of 
babies. 

Whereas this argument has a strong emotional ap- 
peal, it is not substantiated by the study design. In 
the comment section the authors acknowledge that 
“There are few prospective double-blind randomized 
studies concerning the use of cerclage in the non- 
diethylstilbestrol-exposed population.” Having said 
this, however, they proceed to ignore the results of two 
prospective, randomized studies and instead quote 
the majority of studies on cerclage, which are uncon- 
trolled. In fact, both of the prospective, randomized 
studies of cerclage fail to show any benefit of cerclage 
whatsoever." * In both randomized studies, patients 
treated with cerclage actually had more morbidity and 
days of hospitalization than did expectantly managed 
women. 

The fact that their study is prospective does not at 
all compensate for its complete lack of controls, and 
_yet the authors state at the very end that their “excel- 
lent results” suggest that “strong consideration be 
given to placement of a prophylactic cerclage in the 
diethylstilbestrol-exposed woman. ...” How can such 
a statement be made on the basis of an uncontrolled 
study? At best their findings merely suggest the need 
for a randomized study of cerclage in diethylstilbestrol- 
exposed women and do not justify the sweeping gen- 
eralization they made. 

Further, they admit that “A hypoplastic cervix cannot 
be equated with an incompetent cervix,” and yet they 
use this criterion to divide one group from another. In 
fact, the proper study design would dictate that patients 
with a hypoplastic cervix be randomized separately 
from patients with an apparently normal cervix. Only 
in this way can the efficacy of cervical cerclage be as- 
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sessed scientifically as Rush et al.’ and Lazar et al.* have 
had the courage to do in their randomized studies. 

Academic physicians have a responsibility to the 
professional community and to the patients we serve 
to present conclusions that are based on data that are 
obtained correctly, not based on speculation. In pub- 
listing this kind of misleading information, the authors 
encourage practicing physicians to perform operations 
that may be neither effective nor safe. 

james H. Harger, MD 

Division-of Maternal-Fetal Medicine 
Department of Obstetrics and Gynecology 
University of Pittsburgh 
School of Medicine 
Magee-Womens Hospital 
Forbes and Hatket Streets 
Pitisburgh, PA 15213 
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Reply 
To the Editors: 

We read with interest Dr. Harger’s comments re- 
garding our article. We agree with him that a random- 
ized, controlled study to assess the benefit of cerclage 
in diethylstilbestrol-exposed women is in order. Until 
such a study is completed, withholding cerclage place- 
ment in patients with a history of second-trimester loss 
or nypoplastic cervix, many of whom are reaching later 
reproductive years, does not seem justifiable on the 
basis of our results. A hypoplastic cervix has been as- 
sociated with an increased risk of pregnancy loss. Most 
recently, Ayers et al.’ gathered prospective data by us- 
ing ultrasound examination for evaluation of cervical 
length and effacement in patients at risk for premature 
delivery; they demonstrated significant preterm cer- 
vical effacement in 28 of 29 diethylstilbestrol-exposed 
pregnant patients (97%) with a hypoplastic cervix or 
uterine abnormality who previously experienced a 
second-trimester loss. Although not randomized, 97% 
of patients treated with placement of a cerclage and 
tocolytic therapy were delivered of infants at term. 
These results are impressive when compared with those 
in the literature concerning pregnancy outcome in 
these women. 

The diagnosis of cervical incompetence remains ex- 
tremely difficult. Specifically, the criteria used for di- 
agnosis differ among authors. There is little question 
that obstetric cerclage may be a procedure abused by 
some. We agree with Dr. Harger’s own words from one 
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of his excellent reviews: “If the only tool you have is a 
hammer, you tend to see every problem as a nail.” 
Clearly preterm birth has multiple causes and to at- 
tempt to solve this problem by using one therapeutic 
modality such as cerclage, as was done in the two pro- 
spective studies he quotes, proves to be scientifically 
wrong. 

In the study of Rush et al.,° only 37 of 194 patients 
(19%) had a history of second-trimester loss. Random- 
ization into a cerclage was based on a history of a pre- 
term birth between 28 and 32 weeks or a history of two 
first-trimester abortions-in addition to a preterm deliv- 
ery after 32 weeks. 

In the article by Lazar et al.,* patients were judged 
to be eligible to enter the study by a scoring system that 
included preterm live births between 29 and 36 weeks, 
spontaneous abortion of a dead fetus at 14 to 28 weeks, 
uterine malformation or metroplasty, and a cervical 
laceration that did not reach the lateral fornix. Only 
29 of the 506 women studied (5.7%) had a second- 
trimester loss, and 21 of these women (72.4%) were 
allocated to the cerclage group. The traditional criteria 
used to define cervical incompetence were not applied. 
We believe that a prospective, randomized investigation 
of patients with a history of midtrimester loss, which 
includes objective assessment of cervical effacement 
(e.g., ultrasound), should be carried out. Until such a 
study is performed, to withhold cerclage in selected 
situations on the basis of the two prospective studies 
quoted above seems ill advised. 

Finally, as academic physicians and as active clini- 
cians, our first responsibility is to improve patient care. 
Until more objective methods are established to predict 
which of the diethylstilbestrol-exposed pregnant pa- 
tients are at increased risk for pregnancy loss or further 
studies demonstrate other means to improve the out- 
come for these patients, we believe our approach is 
justified on the basis of our continued success in caring 
for this group of women. 

Jack Ludmir, MD 
Philip Samuels, MD 
Michael T. Mennuti, MD 
Department of Obstetrics and Gynecology 
Hospital of the University of Pennsylvania 
3400 Spruce Street 
Philadelphia, PA 19104 
Mark B. Landon, MD 
Steven G. Gabbe, MD 
Department of Obstetrics and Gynecology 
The Ohio State University 
1654 Upham Drive 
Columbus, OH 43210 
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Effects of progestins on estrogen-induced 
lipoprotein changes 


To the Editors: 

We question the interpretation by Henderson et al. 
(Henderson BE, Ross RK, Pagonni-Hill A, Mack TM. 
Estrogen use and cardiovascular disease. AM J] OBSTET 
GYNECOL 1986;154:1181-6) of their reference 49, by 
Hirvonen et al., concerning the effects of progestins on 
estrogen-induced lipoprotein changes. 

Henderson et al. state (p. 1185): “Although hydrox- 
yprogesterones may be less hazardous than other pro- 
gestogens in relation to lipid secretion and metabolism, 
nonetheless they appear to totally negate the reduction 
in low-density lipoprotein cholesterol levels and the in- 
crease in high-density lipoprotein levels afforded by 
unopposed estrogen therapy.” However, concerning 
low-density lipoprotein cholesterol, Hirvonen et al. re- 
ported that estrogen alone “. . . tended to decrease total 
cholesterol and LDL cholesterol...” and after subse- 
quent combined treatment, “There was a slight though 
not statistically significant decrease (italics ours) in LDL 
cholesterol during the period.” We do not interpret this 
as a negation of the reduction in low-density lipoprotein ~ 
cholesterol levels. 

J. Wiliam Hendrix, MD 
Harold C. Halvorson, MD 
Endocrine and Cancer Medical Research 
The Upjohn Company 
Kalamazoo, MI 49001 
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Maternal temperature during labor 


To the Editors: 

I read with interest the recording of the normal par- 
turient’s admission temperature by Acker et al. (Acker 
DB, Schulman EB, Ransil BJ, et al. The normal par- 
turient’s admission temperature. AM J OBSTET GYNE- 
coL 1987;157:308-11). In 1982, Dr. Chapin and I re- 
ported on maternal temperatures during labor.' We 
found that maternal temperature was determined by 
the amount of maternal hyperventilation, perspiration, 
physical activity, and pain relief with those calm and 
less active parturients having the highest temperatures. 
We did not rely on the oral temperature but instead 
attempted to think in terms of core temperature as 
measured with the tympanic, rectum, and vaginal sen- 
sors. We believed that it was difficult to use the oral 
temperature as meaningful in a woman who was hy- 
perventilating and in considerable distress. 
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While the authors went into great detail concerning 
the onset.of labor, I can find no mention of these other 
important determinants of a parturient’s temperature, 
especially if one is to use oral temperature. 

Robert C. Goodlin, MD 
Department of Obstetrics and Gynecology 
University of Colorado Health Sciences Center 
4200 East Ninth Avenue 
Denver, CO 80262 
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Reply 
To the Editors: | 

Dr. Goodlin’s observations and interpretations are 
pertinent and appreciated. He evaluated the core tem- 
peratures (recorded by auditory canal, thorax, and vag- 
irial sensors) of.29 parturients who -réceived no pain 
relief during the last 3 hours of labor and were in 
considerable distress. Discordant temperature read- 
ings and a probable decreasing trend of temperature 
were noted. However, 15-parturients who were pain- 
free demonstrated more concordant and stable mea- 
surements. | 

Our method assessed oral temperature on admission 
in a population of patients whose membranes were in- 
tact and whose median duration of labor was 4.25 
hours. The lack of temperature concordance among 
the distressed patients studied by Goodlin and Chapin 
cannot be generalized to our population. If there is to 
be a comparison, it is with Dr. Goodlin’s latter group 
of nondistressed patients for whom consistent and re- 
liable measurements could be obtained. 

These differences in populations notwithstanding, 
their findings lead me to believe that our results might 
be less confounded if we had excluded patients who 
appeared significantly uncomfortable. More.important, 
clinicians assessing the temperatures of parturients 
should be reminded that the physical state of the patient 
may influence the measured temperature. 

David Acker, MD 
Two Fenway Plaza 
Boston, MA 02215 


Second-assessment procedure for ovarian 
epithelial carcinoma 


To the Editors: 

I read with great interest the article by Gallup et al: 
(Gallup DG, Talledo OE, Dudzinski MR, Brown KW. 
Another look at the second-assessment procedure for 
ovarian epithelial carcinoma. AM J OBSTET GYNECOL 
1987;157:590-6) on the second-assessment. procedure 
for ovarian epithelial carcinoma, and I take issue with 
the generalization made by the authors that only reg- 
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ular follow- -up at close intervals is indicated in patients 
with negative second-look procedures. 

` Evidence has recently grown’ that patients with a 
negative second-look laparotomy and especially those 
who are at greatest risk to develop a rectirrence, i.e., 
those with advanced stage, advariced grade, residual 
disease left at the initial operation, and serous tumors, 
might benefit, at least in terms of progression- -free in- 
terval, from the addition of whole abdominal irradia- 
tion. Thus we and other medical centers in Israel® treat 
patients with ovarian epithelial carcinoma who Have 
either negative findings or microscopic disease at 
second-look’ laparotomy with whole abdominal irra- 
diation. Patients who have gross disease at second- 
look laparotomy are usually treated with intravenous 
second-line single-agent chemotherapy, which includes 
courses of high-dose cisplatin (200 mg/m?) in hyper- 
tonic saline soiton (3%) at 3-week intervals. 

Benjamin Piura, MD 

Demon of Obstetrics and Gynecology 
Soroka University H ospital and 

F ‘aculty of Health Sciences 
Ben-Gurion University of the Negev 
P.O. Box 151 
Beer-Sheva 84101, Israel 
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= Reply 
To the Editors: 

As alluded to in our article and as pointed out by Dr. 
Piura, a group of patients who are at high risk for 
recurrence after negative second-look operations can 
be partially identified; this was one of the intents of 
reporting our series. We regret that our statement was 
interpreted to mean that only regular follow-up at close 
intervals is indicated in patients with negative second- 
look procedures. 

We agree that some patients may need further treat- 
ment. What is the best treatment? Is it several che- 
motherapy courses “for the road”? Is it high-dose 
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cisplatin? Is it intraperitoneal immunotherapy or in- 
traperitoneal chemotherapy? Is it whole abdominal ir- 


radiation? Is it intraperitoneal chromic phosphate? ` 


Varia et al." reported a 3-year actuarial survival rate of 
91% in 26 patients with a negative second-look oper- 
ation who had intraperitoneal phosphate 32. 

A number of studies are ongoing in this country. 
Some are comparing these treatment regimens with 
controls, and some are pilot studies. We believe that 
patients with negative second-look operations who are 
being treated should be on either in-house or multiin- 
stitutional standardized protocols, whether. these are 
pilot or randomized. We are aware that certain groups 
of patients who have microscopic disease at second-look 
operation will benefit by whole abdominal irradiation.” 
We doubt that whole abdominal irradiation would have 
. benefited five of our eight patients who later had re- 
currence in distant sites such as the lungs, liver, or 
cerebellum. Furthermore, whereas whole abdominal ir- 
radiation is associated with an acceptable salvage rate 
in patients with microscopic disease, its use may hand- 
icap further treatment after recurrence of disease. 
Some investigators®* have reported significant morbid- 
ity in patients with ovarian cancer who are treated with 
whole abdominal irradiation after a second-look pro- 
cedure. | 

The addition of whole abdominal irradiation in pa- 
tients who have no disease at second-look operation 
needs continuing evaluation for efficacy and morbidity. 
We look forward to future reports from Piura et al. 
abaut this select group of patients. 
Donald Gallup, MD 
Siena of Gynecologic Oncology 
CK- 166. 

Medical College of Georgia 
Augista, a 30912 
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Mixed cord compression 


To the Editors: 

. Í read with interest the recent article by Divon et al. 
(Divon MY, Braverman JJ, Guidetti DA, Langer O, 
Merkatz IR. Intrapartum vibratory acoustic stimulation 
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of the human fetus during episodes of decreased heart 
rate variability. AM J OBSTET GYNECOL 19875157: 
1355). The authors stated in this article that one of 
their responses of the fetal heart rate to vibratory 
acoustic stimulation is an acceleration followed by a 
variable- -type deceleration, and they related this to.cord 
compression. This pattern of fetal heart rate response 
was reported by Goldkrand and Speichinger' in 1975 
as a “mixed cord compression” fetal heart rate pattern 
associated with abnormal cord position. In that study 
of .188 patients, 49 (26%) were found to have cord 
involvement. Of these 49 patients, 41 had shown vari- 
able deceleration or the acceleration—variable decel- 


eration (mixed cord compression) type of pattern. 


When these 41 patients were analyzed, 14 (34.1%) 
showed variable decelerations only and 27 (65.9%) had 
the mixed pattern of acceleration-deceleration. There- 
fore it was noted that the acceleration-deceleration pat- 
tern was associated with a higher incidence of cord 
involvement.. This was postulated to be a result of par- 
tial cord occlusion and was supported by the work of 
Towell. and Salvador.’ 

` In the article by Divon et al. nine of the 25 fetuses 
studied (36%) showed this acceleration—variable de- 
celeration pattern, and one third of them were asso- 
ciated with umbilical preven although they had a 


_ good outcome. 


. This is an extremely interesting observation that re- 
affirms the previous work and allows one to utilize this 
finding to require closer surveillance of the fetus in 
labor who demonstrates this pattern because of the in- 
creased risk of abnormal position of the umbilical cord 
and its potential risk to the fetus. 

John W. Goldkrand, MD 
Division of Maternal-F etal Medicine 
Department of Obstetrics and Gynecology 
The Albany Medical College 
Albany, NY 12208 
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Reply 
To the Editors: 

We would like to thank Dr. Goldkrand for his com- 
‘ments on our’ December 1987 article. 

Vibratory acoustic stimulation causes an immediate 
fetal startle reflex,’ which in turn is commonly associ- 
ated with a fetal heart rate acceleration. Any abnormal 
position of the umbilical cord might then be reflected 
by an acceleration-deceleration response. The possi- 
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bility of generating a cardiac deceleration by inducing 
a fetal body movement and using this information to- 
ward differentiating umbilical cord compression from 
placental insufficiency is intriguing. 


Albert Einstein College of Medicine 
Belfer Building 

1300 Morris Park Avenue 

Room 501 

Bronx, NY 10461 


Michael Y. Divon, MD 
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ANNOUNCEMENT 





Summary of National Institutes of Health Consensus 
Development Statement on Perioperative Red Cell Transfusion 


-~ 


Transfusion of red blood cells is a life-saving measure 
in the management of a variety of medical and surgical 
conditions. The epidemic of acquired immunodef- 
clency syndrome (AIDS) has recently raised apprehen- 
sion regarding the transmission of infectious disease by 
transfusion.. This has stimulated a reexamination of the 
benefit-to-risk relationship for transfusion therapy. 

To assess this procedure the National Institutes of 
Health, from June 27-29, 1988, held a Consensus De- 
velopment Conférence on Perioperative Red Cell 
Transfusion. On the basis of scientific data presented, 
a consensus panel, drawn from the medical profession, 
blood banking organizations, and the general public, 
wrote a consensus statement. The panel's findings are 
summarized briefly. 

Modern surgical and anesthetic practice has been 
guided by. the belief that a hemoglobin value of <10 
gm/dl or a hematocrit value of <30% indicates a need 
for perioperative red blood cell transfusion. Available 
evidence, however, does not support the use of a single 
criterion for transfusion such as a hemoglobin concen- 
tration of <10 gm/dl. No single measure can replace 
good clinical judgment as the basis for decision-making 
regarding perioperative transfusion. | 
- The decision to transfuse red blood cells will depend 
on clinical assessment aided by laboratory data such as 
arterial oxygenation, mixed venous oxygen tension, 
cardiac output, the el a extraction ratio, and blood 
volume, when indicated. 

| Many physicians and patients are concerned that ane- 
mia may increase perioperative morbidity. There is no 
evidence that mild to moderate anemia contributes to 
perioperative morbidity. f | 
Perioperative transfusion of homologous red blood 
cells carries documented risks of infection—especially 
hepatitis—and immune changes. Therefore the num- 
ber of homologous transfusions should be kept to a 
minimum. Among the risks associated with red blood 
cell transfusion are transmission of human hepatitis, 
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immunodeficiency, and T-cell lymphotropic viruses, cy- 
tomegalovirus, and, on rare occasions, other microbial 
agents such as Epstein-Barr virus, , Babesia, parvovirus, 
and plasmodia. 

Although homologous red blood cell transfusions are 
becoming safer, they should not be considered substi- 
tutes for good surgical and anesthetic techniques. Prog- 
ress in anesthesia has allowed more time for the sur- 
geon to be fastidious about hemostasis, and new sur- 
gical techniques have improved the surgeon’s ability to 
control bleeding. 

A variety of alternatives to homologous ansaan 
now are available. Among these are autologous trans- 
fusion, which eliminates the threat of viral transmission 
and immunologic risks; intraoperative blood salvage, 
which appears to be safe in some applications and re- 
duces the need ior homologous transfusion; and re- 
combinant’ erythropoietin (r-HuEPO), which may be 
useful in avoiding homologous transfusion by in- 
creasing the amount of blood available in autologous 
transfusion programs. In addition, pharmacologic ap- 
proaches to reducing surgical blood loss are promising. 
- Numerous research initiatives are needed. A few of 
these are the development of studies on the effect of 
anemia on rate of recovery and length of hospital stay, 
the development of predictors that better define the 
need for perioperative red blood cell transfusions, the 
design of additional studies on the value of directed 
donations, the development of ways to make transfu- 
sions safer, the development of appropriate blood 
substitutes, and the determination of the risk of 
transfusion-transmitted infection with contemporary 
donor screening procedures, the evaluation of new 
measures to identify infected donors, and others. ` 
_ Free, single copies of the complete NIH Consensus 
Statement on Perioperative Red Cell Transfusion may 
be obtained fromi the Office of Medical Applications of 
Research, Building 1, Room 216, National Institutes of 
Health, 9000 Rockville Pike, Bethesda, MD ANGE 
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Roster of American obstetric and gynecologic societies* 


(Appears annually in the January issue) 


American Board of Obstetrics and Gynecology, Inc. 
(1930) President, Daniel R. Mishell, Jr. Executive 
Director, James A. Merrill, 4225 Roose- 
velt Way, N.E., Seattle, WA 98105. Meeting, 
Dec. 4-8, 1989. 


American Gynecological and Obstetrical Society. Pres- 
ident, James M. Ingram. Secretary, Henry 
Thiede, University of Rochester, 601 Elm- 
wood Ave., Box 668, Rochester, NY 14642. 
Meeting, Sept. 7-9, 1989. 


Central Association of Obstetricians and Gynecolo- 
gists. (1929) President, James H. Maxwell. Sec- 
retary, William R. Anderson, 421 W. First St., 


Bloomington, IN 47401. Meeting, Oct. 12-14, 


1989. 


Pacific Coast Obstetrical and Gynecological Society. 
(1931) President, David G. Figge. Secretary, Wal- 
ter S. Keifer, P.O. Box 55249, Seattle, WA 
98155. Meeting, Sept. 17-21, 1989. 


American College of Obstetricians and Gynecologists. 
(1951) President, Robert C. Park. Secretary, Ezra 
C. Davidson, Jr., 409 12th St., S.W., Washing- 
ton, DC 20024-2188. Meeting, May 22-25, 
1989. 


Brooklyn Gynecological Society, Inc. President, Don- 
ald M. Zarou. Secretary, Frederick H. Sillman, 
450 Clarkson Ave., Box #24, Brooklyn, NY 
11203. Meetings, third Wednesday of Jan., 
May, Oct., and Nov. 


*Changes, omissions, and corrections must be received by 
the publisher two months in advance (by November 1) for the 
Roster. Please address the Journal Editing Department, The 
C.V. Mosby Company, 11830 Westline Industrial Drive. 
St. Louis, Missouri 63146-3318. The number after the society's 
name is the year of founding. For further information, address 
the respective secretaries. 


Society for Gynecologic Investigation. President, How- 
ard Judd. Secretary, Anne Colston Wentz, 409- 
12th St., S.W., Washington, DC 20024-2188. 
Meeting, March 16-19, 1989. 


Society of Perinatal Obstetricians. President, Robert J. 
Sokol. Secretary, Frank C. Miller, University of 
Arkansas for Medical Sciences, Dept. of 
Ob/Gyn, 4301 W. Markham St., Little Rock, 
AR 72205. Meeting, Feb. 2-4, 1989. 


South Atlantic Association of Obstetricians and 
Gynecologists. (1938) President, Frank C. 
Greiss. Secretary, E. O. Horger III, Dept. 
Ob/Gyn, Medical University of South Caro- 
lina, Charleston, SC 29425. Meeting, Jan. 29— 
Feb. 1, 1989. 


Buffalo Gynecologic and Obstetric Society. (1945) 
. President, James J. Kropelin. Secretary, Robert 
J. Patterson, 219 Bryant St., Buffalo, NY 
14222. Meetings, Jan. 11, Feb. 14, March 14, 

April 11, and May 16, 1989. 


Chicago Gynecological Society. President, Frank W. 
Merrick. Secretary, Allen G. Charles, 30 N. 
Michigan Ave., Chicago, IL 60602. Meetings, 
third Friday of Jan., June, Oct., and Nov. 


Columbus Obstetric and Gynecologic Society. (1945) 
President, Jack Lomano. Secretary, Carl A. 
Krantz, Jr., 6565 Worthington Galena Rd., 
Worthington, OH 43085. Pee fourth 
Wednesday of month. 


Greater Hartford Obstetrical and Gynecological So- 
ciety, Inc. President, Melvin J. Sandler. Secre- 
tary, David J. Nochimson, The University of 
Connecticut Health Center, Div. of Maternal- 
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Fetal Medicine, Farmington, CT 06032. Meet- i 


ings, Jan. 10 and April 11, 1989. 


Infectious Disease Society for Obstetrics and Gyne- 
cology. (1973) President, Richard Sweet. Sec- 
retary, John Sever, Children’s Hospital, 111 
Michigan Ave., N.W., Suite 2700, Washington, 
DC 20010. Meeting, Aug. 3-5, 1989. 


Louisville Obstetrical and Gynecological Society. 
President, Kamla Gauri. Secretary, Ernest W. 
Marshall, 503 Children’s Foundation Build- 
ing, Louisville, KY 40202. Meetings, Jan. 23, 
Feb. 27, March 27, and April 24, 1989. 


Mempbis and Shelby County Obstetrical and Gyne- 
cologic Society. President, Garland Anderson. 
Secretary, Robert F. Sauter, 1900 Kirby Park- 
way, Memphis, TN 38138. Meetings, period- 
ically. 


Miami Obstetrical and Gynecological Society. (1946) 
President, Alex Bezjean. Secretary, Mary Jo Sul- 
livan, 1475 N.W. 12th Ave., Third Floor, Mi- 
ami, FL 33136. Meetings, Jan., March, and 
May, 1989. 


Milwaukee Gynecological Society. (1951) 


Montana OB-GYN Society and Montana Section of 
American College of Obstetricians and Gy- 
necologists. (1948) 


Nassau Obstetrical and Gynecological Society, Inc. 
President, Paul Mazarella. Secretary, Milton 
Eichler. 


New Haven Obstetrical Society. President, Michael Ber- 
man. Secretary, Howard Simon, 100 York St., 
New Haven, CT 06511. Meetings, fourth 
Tuesday of Jan., March, May, Sept., and Nov. 


New Jersey Obstetrical and Gynecological Society. 
(1947) President, Joseph Burns. Secretary, 
Thomas McCann, 2 Princess Rd., Lawrence- 
ville, NJ 08648. Meetings, June 9-10, 1989. 
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New York Gynecological Society, Inc. President, An- 
thony Clemendor. Secretary, John B. Josimov- 
ich, UMDNJ-NJ Medical School, 185 So. Or- 
ange Ave., E-506, Newark, NJ 07103. Meet- 
ings, Jan. 25, March 22, May 24, and Oct. 25, 
1989. 


North American Society for Prediatric and Adoles- 
cent Gynecology. 


North Dakota Society of Obstetrics and Gynecology. 
(1938) 


Obstetrical Society of Boston. President, Fredric D. Fri- 
goletto. Secretary, Robert W. Cali, Lahey Clinic 
Medical Center, 41 Mall Rd., Burlington, MA 
01803. Meetings, contact Secretary. 


Pittsburgh Obstetrical and Gynecological Society. 
(1935) President, Charles M. Diez. Secretary, 
Bernard J. Riley, 4221 Penn Ave., Pittsburgh, 
PA 15224. Meetings, first Monday of Oct.- 
May. 


San Francisco Gynecological Society. (1929) President, 


Solon Barbis. Secretary, Gerald Shefren. 1101 
Welch Rd., Palo Alto, CA 94304. Meetings, 
Jan. 10, Feb. 14, March 14, April 11, and May 
9, 1989. 


Texas Association of Obstetricians and Gynecolo- 
gists. (1931) President, Robert Wernecke. Sec- 
retary, Harold J. Miller, 7777 Southwest Free- 
way #304, Houston, TX 77074. Meeting, 
March 1-3, 1989. 


Tulsa Obstetrical Society. 


Wisconsin Society of Obstetrics and Gynecology. Pres- 
ident, Wiliam E. Martens. Executive Secretary, 
Robert H. Herzog, 850 Elm Grove Rd., Eim 
Grove, WI 53122. Meeting, July 20-22, 1989. 
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Books received 


Atlas of Obstetrical Ultrasound. Carol B. Benson, 
Thomas B. Jones, Marcia J. Lavery, and Law- 
rence D. Platt. 384 pages, illustrated. Phila- 
delphia, 1988, J. B. Lippincott Company. 
$49.50. 

The Chief Resident as Manager. Neal Whitman, 
Elaine Weiss, and Lawrence Lutz. 143 pages. 
Salt Lake City, 1988, University of Utah School 
of Medicine. $16.00 (soft cover). 

Childbirth Education: Practice, Research, and The- 
ory. Francine H. Nichols and Sharron Smith 
Humenick. 586 pages, illustrated. Philadel- 
phia, 1988, W. B. Saunders Company. $34.95. 

Contemporary Management of Impotence and Infer- 
tility. Emil A. Tanagho, Tom F. Lue, and R. 
Dale McClure. 386 pages, illustrated. Balti- 
more, 1988, Williams & Wilkins. $83.50. 

Controversies in Diabetes and Pregnancy. Lois Jova- 
novic. 205 pages, illustrated. New York, 1988, 
Springer-Verlag. $69.00. 

The Curse: A Cultural History of Menstruation. Janice 
Delaney, Mary Jane Lupton, and Emily Toth. 
334 pages. Chicago, 1988, University of Illi- 
nois Press. No price listed (soft cover). 

Diagnosis and Management of Renal Disease and Hy- 
pertension. Anil K. Mandal and J. Charles 
Jennette. 540 pages, illustrated. Philadelphia, 
1988, Lea & Febiger. $67.50. 

The Fallopian Tubes: Their Role in Fertility and In- 
fertility. R. H. F. Hunter. 191 pages, il- 
lustrated. New York, 1988, Springer-Verlag. 
$120.00. 

Female Genital Cancer. Edited by S. B. Gusberg, Hugh 
M. Shingleton, and Gunter Deppe. 857 pages, 
illustrated. New York, 1988, Churchill Living- 
stone. $150.00. 

Gestational Diabetes. Peter A. M. Weiss and Donald 
R. Coustan. 241 pages. New York, 1988, 
Springer-Verlag. No price listed. 

The Gynecologist and the Older Patient. James L. 
Breen. 420 pages. Rockville, Maryland, 1988, 
Aspen Publications. $54.00. 

Invisible Scars. A Guide to Coping With the Emo- 
tional Impact of Breast Cancer. Mimi Green- 
berg. 196 pages. New York, 1988, Walker and 
Company. $17.95 (soft cover). 

Laparoscopy. Jean W. Saleh. 276 pages, color illus- 
trated. Philadelphia, 1988, W. B. Saunders 
Company. No price listed. 


Loving Your Child Is Not Enough. Positive Disci- 
pline That Works. Nancy Samalin. 226 pages. 
New York, 1988, Penquin Books. $7.95 (soft 
cover). 

Management of Common Problems in Obstetrics & 
Gynecology. Second Edition. Edited by Daniel 
R. Mishell, Jr., and Paul F. Brenner. 640 pages. 
Oradell, New Jersey, 1988, Medical Economics 
Books. $42.95. 

Medical Counseling Before Pregnancy. Edited by Dor- 
othy R. Hollingsworth and Robert Resnik. 551 
pages, illustrated. New York, 1988, Churchill 
Livingstone. $75.00. 

Menopause and the Years Ahead. Mary K. Beard and 
Lindsay R. Curtis. 382 pages, illustrated. Tuc- 
son, 1988, Fisher Books. $9.95 (soft cover). 

The Menopause: Comprehensive Management. Sec- 
ond Edition. Edited by Bernard A. Eskin. 350 
pages, illustrated. New York, 1988, Macmillan 
Publishing Company. $36.00. 

Neurology and Urodynamics. Subbarao V. Yalla. 533 
pages, illustrated. New York, 1988, Macmillan 
Publishing Company. $100.00. | 

Nursing Informatics: Computers in Health Care. 
M. J. Ball, K. J. Hannah, U. Gerdin Jel- 
ger, and H. Peterson. 417 pages, illustrated. 
New York, 1988, Springer-Verlag. $29.95. 

Obstetric Anesthesia: The Complicated Patient. Sec- 
ond Edition. Francis M. James, A. Scott 
Wheeler, and David M. Dewan. 577 pages, 
illustrated. Philadelphia, 1988, F. A. Davis 
Company. $79.00. 

Obstetrics for the House Officer. Second Edition. Wil- 
liam F. Rayburn and Justin P. Lavin. 271 
pages. Baltimore, 1988, Williams & Wilkins. 
$14.95 (soft cover). 

The Policy Implications of the 1986 Surgeon Gener- 
al’s Report on Involuntary Smoking. Institute 
for the Study of Smoking Behavior and Policy, 
Harvard University. 163 pages. Cambridge, 
Massachusetts, 1988, Harvard University. $10 
(soft cover). 

Vulvovaginal Candidosis: Theory and Practice. Wer- 
ner Mendling. 171 pages, color illustrated. 
New York, 1988, Springer-Verlag. $21.90 (soft 
cover). 
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ITEMS 





Announcements of major meetings and other significant activities must be 
received at least 8 weeks before the desired month of publication. All an- 
nouncements carry a charge of $60.00 U.S. per insertion and the fee must 
accompany the request to publish. Information will be limited to ttle of 
meeting, date, place, and an address to obtain further information. Send 
announcements and payment, payable to this JOURNAL, to Kay G. Goehler, 
Senior Manuscript Editor, Journal Editing, The C.V. Mosby Company, 11830 
Westline Industrial Drive, St. Louis, Missouri 63146-3318. 


High-Risk Obstetrics, March 16-18, 1989, Chicago, Il- 


linois. Sponsored by Cook County Graduate 
School of Medicine. For additional informa- 
tion, contact the Registrar’s office. Toll-free 
number: In Illinois 1 (800) 621-4649; outside 
Illinois } (800) 621-4651. 


Obstetrical Anesthesia: 1989, March 16-19, 1989, 


Hotel Meridien, San Francisco, California. 
Sponsored by the University of California 
San Francisco, Department of Anesthesia. For 
further information contact: Anesthesia Re- 
search Foundation Registration Office, Attn: 
Anita Edgecombe, University of California 
San Francisco, C-450, San Francisco, CA 
94143-0648. Tel.: (415) 476-2273. 


Contraception: Current Choices and Future Direc- 
tions, April 6-8, 1989, L’enfant Plaza Hotel, 
Washington, D.C. Sponsored by Department 
of Obstetrics and Gynecology, Eastern Vir- 
ginia Medical School. For further information 
about this CME course, please contact the 
CME office. Tel.: (804) 446-6140. 
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Bound volumes available to subscribers 


Bound volumes of the AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY are avail- 
able to subscribers (only) for the 1989 issues from the Publisher, at a cost of $56.00 ($79.00 
international) for Vol. 160 (January-June) and Vol. 161 (July-December). Shipping charges 
are included. Each bound volume contains a subject and author index and all advertising 
is removed. Copies are shipped within 60 days after publication of the last issue in the 
volume. The binding 1 is durable buckram with the JOURNAL name, volume number, and 
year stamped in gold on the spine. Payment musi accompany all orders. Contact ‘The C.V. 
Mosby Company, Circulation Department, 11830 Westline Industrial Drive, St. Louis, 
Missouri 63146-3318, USA; phone (800) 325-4177, ext. 351. 

Subscriptions must be in force to qualify. Bound volumes are not available in place 


of a regular JOURNAL subscription. 


Postgraduate Course in Gynecologic and Obstetric 


Pathology with Clinical Correlation, April 
10-14, 1989, Parker House Hotel, Boston Mas- 
sachusetts. Fee for course is $595.00 (residents 
and fellows, $375.00). Address for further in- 
formation: Department of Continuing Edu- 
cation, Harvard Medical School, 25 Shattuck 
St., Boston, MA 02115. 


Obstetric and Gynecologic Options: Update Ultra- 


sound and Laser Technology, February 6-8, 
1989, Good Samaritan Hospital, West Palm 
Beach, Florida. For information contact: 
Laura J. Lyons, CME Coordinator, Good Sa- 
maritan Hospital, P.O. Box 3166, West Palm 
Beach, FL 33402. Tel.: (407) 650-6236. 


Specialty Review in Obstetrics and Gynecology, April 


9-15, 1989, Chicago, Illinois. Sponsored by 
Cook County Graduate School of Medicine. 
For additional information, contact the Regis- 
trar’s Office. Toll-free number: In Illinois 1 
(800) 621-4649; outside Illinois 1 (800) 621- 
4651. 





















cancer? 


Here s what to look for- 
and what to do about it 





Manual of 


Gynecologic aay 
SECOND EDITION / By Hugh K. Barber, M.D. 


An ‘early warning system” 
for the ob/gyn clinician 


"Is it cancer?” One of the most important 
questions a physician can ask—and probably; 
the most difficult possibility a patient must faca. 
Yet this question indicates a heightened aware- 
ness that contributes to early detection and ` 
increased chances for survival. 

Here's the concise, convenient guide that 
provides you with an early warning system to 
raise your level of suspicion whenever you 
encounter a symptom or finding thet just 
night be gynecologic cancer This readable, 
authoritative book alerts you to wha: to look 
or—and what to do when you find it. You'll find 
sondensed, useful information that covers: 

E an overview of gynecologic cancer, including 
breast cancer - 

W a review of symptoms W diagnosis 

E the role of modern technology’ 

E treatments and options W shock 

E sepsis W hyperalimentation 

E current trends in managemént W follow-up 


Want it faster? 


Call TOLL FREE (USA except AK) 1-800-638-3030. In Maryland call collect 301-724-73 00. 


New in the Second Edition: 


The new edition focuses on the recent 
improvements made in the diagnosis and 
management of carcinoma of the female genital 
tract. More emphasis is placed on treating the 
whole patient, not just the cancer, This involves 
looking beyond surgery and employing a 
combination of therapies rather than a single 
modality. Advances such as the laser have 
made this approach possible, providing 
excellent results without any damaging cosmetic 
effect. New material also covers: 

E fhe human papilloma virus and its subgroups 

E monoclonal antibodies 

E combination chemotherapy 

E Jaser therapy in the treatment of gynecologic 
malignancy—particularly of the vulva, vagina, 
and cervix 

E computer tomography and magnetic 
resonance imaging 


Or use the coupon below. Lippincott books are also available from your health 
science bookstore or Lippincott representative. 


on-approval examination: 
|_] Barber (65-10507) $29.50 


Name 
Address 


State Zip 


Phone 


am ee ee ee ee ee ee ee ee ee eee ee ee ee ee ee es p 





GHY — — 


m a E E A 
j 


J. B. LIPPINCOTT COMPANY : PO. Box 1630, nage. MD 21741 
YES! Please send me for 30 days’ 


Please send me: 






9 digit Card No. 


S e ee ee ee eee 
“Add sales tax. Prices in US. funds and subject to change. Orders 
subject to approval of Lippincott. Professional books may be tax 
deductible. Offer valid in U.S. and Canada only. 


Signature 





L] Rosenshein eo) $95.00 


LJ Payment enclosed* (save postage & handling). 
LJ Bill me (plus postage & handling) . 

O Charge it* (save postage & handling) 

LJ MasterCard O VISA O American Express 












A valuable visual acria of 
the latest surgical techniques 


Surgery in the 
Retroperitoneal Space: 
An Operative Gynecology 


Videobook 


Edited by Neil B. Rosenshein, M.D.. 
and John A. Rock; M.D. ` 


"Surgery in the retroperitoneal space is the 
source of many malpractice suits—this new 
full-color videotape shows and describes 
surgical techniques for this area and details 
plans and actions to take in case of com- 
plications. The first of a forthcoming series to 
accompany TeLinde’s Operative Gynecology, 
this video was produced at Johns Hopkins 
University and describes surgical techniques 
developed or adopted -there. Techniques 
illustrated include: paraaortic node dis- 
section, avascular, spaces of the pelvis, 
pelvic node dissection, hypogastric arery 
ligation, and presacral neurectomy, Accom- 
panied by an illustrated handbook. 


Full-color video. 



























The Manual of Gynecologic Oncology helps 
you make sure your patient can take advantage 
of the best that modern cancer detectior and 
treatment has to offer. Whatever your practice 
setting—major medical center, community or 
regional hospital, clinic, private practice—you 


can save lives. . . increase survival. . . 
improve quality of life. . . prevent mutilation or 
premature death . with the data in this 
valuable guidebook, About 416 Pages. 1 
Illustration. 30 Tables.. Paperback, February 
1989. $29.50. 


J. B. Lippincott 
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OBSTETRICS & 
GYNECOLOGY 


3rd Year Resident Position 


We have an unexpected opening at 
3rd year (PGY-3) level, University of 
Tennessee program, Memphis, Ten- 
nessee, for July:1,1989. | 


Applicants must have completed in- 
ternship and one year of ACGME 
accredited OB/GYN training. 


Contact: 
- George M. Ryan, Jr., M.D. 
Program Director. 
University of Tennessee 
Department OB/GYN ~ 
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The Department of Obstetrics and Gynecology at the University of 
Tennesse Medical Center at Knoxville, Tennessee is currently 
_ accepting ‘applications for an additional Maternal-Fetal Medicine 
Specialist. - 3 a É 

















This position requires Board certification or eligibility in Maternal- 
Fetal Medicine. Responsibilities include resident and medical 
student education, participation in Regionalization program and 
clinical or basic research. Specialized areas of interest such as 
Critical ‘care, ultrasonography and Doppler studies, and prenatal 
diagnosis ‘are encouraged. A private practice opportunity is 
available.. S OE4 o ; =. 
































Academic rank is commensurate with qualifications and 
experience. , 














Interested persons should send curriculum vitae to: 


Gary E. Kleinman, M.D. 
‘ Director, Regional Perinatal Program 
Department df Obstetrics and Gynecology 


For more information call (615) 544-9306 _ 


THE UNIVERSITY OF TENNESSEE 


















































-EEO/An Affirmative Action/Title 1X/Section 504 Employer 


Medical Center at Knoxville 853 Jefferson Avenue 
1924 ALCOA HIGHWAY . Memphis, ‘Fennessee 38163 
AO ETNO ral phone: (901) 528-5864 


a COLUMBIA UNIVERSITY H “ 
| The College of Physicians & Surgeons \Xdw 


M Sloane Hospital for Women 1888-1989 a division of T. he Presbyterian Hospital 
2S. + ENDOCRINOLOGY & INFERTILITY: 
_-. . - CURRENT TRENDS & NEW HORIZONS 
l ` : “March 30 through April 1, 1989. 
_ _ The Waldorf-Astoria, New York, New York 
19.5 Credit Hours, Category 1, A.M.A’s Physician’s Recognition Award; and 
18 Cognates, Formal Learning; American College of Obstetricians & Gynecologists 


| FEE: $625; Residents & Fellows in Training: $495 
Tuition fee includes a syllabus, two luncheons and refreshments. 


. ©. `, Under the Directionof. . ` 
i GEORGIANA JAGIELLO, M.D. & RAPHAEL JEWELEWICZ, M.D. 
ALAN H. DeCHERNEY, M.D. © ` ` MARIA I. NEW, M.D. _. JOE LEIGH SIMPSON, M.D. 


PAUL C. MacDONALD, M.D. EDWARD E. WALLACH, M:D. 


This course is designated specifically to update the practitioner in the diagnosis and treatment of gynecologic disorders in the areas 
of infertility and reproductive endocrinology. A faculty of widely varied expertise has been assembled from across the nation to offer 
a broad spectrum of information transferring laboratory and clinical research to clinical application. The comprehensive range of 
discussion will-include abnormalities of anatomy and function of the pituitary gland, hypothalamus, ovary and adrenal gland as well as 
problems ‘associated with the ‘fallopian tubes, uterus, and placenta. Current advances in understanding normal and abnormal 
mechanisms leading to greater success in clinical solutions will constitute the underlying theme of the conference. - 


Contact: Center for Continuing Education, 630 West 168th Street, N.Y., N.Y. 10032; Telephone (212) 305-3682. 
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MATERNAL-FETAL MEDICINE 
FACULTY POSITION 


The Department of Obstetrics and Gynecol- 
ogy, University of Florida College of Medicine, 
under the direction of Byron J. Masterson, 
M.D., Professor and Chairman, is seeking ap- 
plicants for one full-time faculty position with 
the rank of assistant professor, associate pro- 
fessor or professor for the Division of Mater- 
nal-Fetal Medicine. | 
Board eligibility or certification in maternal- 
fetal medicine is required. Appointment is 
contingent upon having a current Florida med- 
ical license. : 
Salary and rank commensurate with training 
and experience. Application deadline: 2/28/89. 
Anticipated starting date: 7/1/89. 
Send curriculum vitae to: 
Amelia C. Cruz, M.D. 
Department of Obstetrics and Gynecology 
J-294 JHMHC ` | : 
University of Florida College of Medicine 
Gainesville, FL 32610 

“An-Equal Employment Opportunity/ 
Affirmative Action Employer” 





NEW YORK CITY 
ST. LUKE’S/ROOSEVELT 
HOSPITAL CENTER 


MATERNAL-FETAL MEDICINE 


The Department of Obstetrics and Gynecol- 
ogy at St: Luke's-Roosevelt Hospital Center 
is recruiting and additional specialist in Mater- 
nal-Fetal Medicine. Responsibilities include 
resident teaching, clinical practice, and re- 
search. St. Luke's-Roosevelt Hospital is lo- 
cated on the thriving Upper West Side of Man- 
hattan. Over 5,000 patients are delivered 
each year. The residency program is accred- 
ited for 6 residents pér year. More than 200 
patients are seen monthly in our Fetal Evalu- 
ation Unit. Special interest in Genetics and/or 
Ultrasound is recommended. 


Salary and appointment commensurate with 
C.V. and bibliography. 
Send Curriculum Vitae to: 


Amos Grunebaum, M.D. 

Director, Maternal-Fetal Medicine 

St. Luke’s/Rooseveit. Hospital Center 
1111 Amsterdam Avenue 

New York, NY 10025 

Tel: (212) 523-7750 













The University of California Irvine, 
California College of Medicine invites 
applications and nomination for the 
Chair, Department of Obstetrics and 
Gynecology. Faculty appointment 
(tenured) commensurate with quallifi- 
cations. Candidate must be a Diplo- 
mate-American Board of Obstetrics 
and Gynecology (or equivalent) and 
have excellence in teaching, re- 
search, Clinical service, and academic 
leadership. Send CV to:. 


Academic Affairs 
College of Medicine 
Dr. Louis Gluck — 
Chair Search Committee 
c/o UC Irvine | 
Irvine, California, 92717 


EO/AA Employer 


PROFESSOR AND CHAIRPERSON, 
DEPARTMENT OF OBSTETRICS 
AND GYNECOLOGY 


The School of Medicine of the State University of New 
York at Stony Brook wishes to announce the com- 
mencement of a search for a Professor and Chairper- 
son of the Department of Obstetrics and Gynecology. 
The School of Medicine is dedicated to excellence in 
research, teaching and clinical care and thus its Uni- 
versity Hospital sees a patient population of over one 
million. It is the only tertiary care facility and medical 
school in. Suffolk County. The Department of Obstet- 
rics and Gynecology is organized into Divisions of 
Perinatology, Gynecologic Oncology, General Gyne- 
cology, and Endocrinology. Leadership is sought in 
the development of research programs, expansion of 
clinical services and in administration of Department 
activities including its medical school and residency 
training programs. Candidates must hold an M.D. de- 
gree, be eligible to practice in New York State; and 
be Board Certified in Obstetrics and Gynecology. The 
State University of New York is an-equal opportunity 
‘employer and qualified minority candidates are par- 
ticularly solicited. All interested parties are requesied 
to submit their curriculum vitae to the Chairman of 
the Search Committee: Allen P. Kaplan, M.D., Chair- 
man, Department of Medicine, SUNY Stony Brook, 
Health Sciences Center, Stony’ Brook, NY 11794- 
8160. SUNY Stony Brook is an affirmative action 
equal opportunity educator and employer. AK #338. 
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" PERINATOLOGIST 


- St. Joseph’s Hospital & Medical Center 
in Phoenix, Arizona, a licensed 626-. 
bed, full-service teaching facility and 
tertiary care center, is seeking a third 
full-time Perinatologist. 2 


Exceptional opportunity in a rapidly 
growing area of the beautiful South- 
west. Please direct inquiries and cur- 
riculum vitae to: 


_ Thomas N. Abdella, M.D.. 


John A. Garbaciak, Jr., M.D., 
Codirectors, MFM 
St. Joseph’s Hospital 
 & Medical Center 
350 W. Thomas Rd. 
Phoenix, AZ 85013. 


Equal Opportunity Employer 





SUNLIFE 
OB/GYN 
6 SERVICES, INC. 


Opportuni ties J 
in the Sunbelt ¥ 


Excellent Compensation 
Flexible Scheduling 
Professional Liability Insurance Coverage 


Contact: Jane Senger NC. 800-672-5770 
2828 Croasdaile Drive US 800-258-9234 
P.O. Box 15733 

Durham, NC 27704 
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OB-GYN 


BC/BE OB-GYN sought for full 
service, 260-bed community 
hospital in San Francisco's 
dynamic South of Market area. 
e Excellent opportunity to join 
busy, growing practice. 
e Competitive salary and bene- 
fits package. | E 


A P Send C.V. to: 
P Walter Kopp 
Á À St: Luke’s Hospital 
j- 3555 Army Street 
San Francisco, CA 94110 


HOSPITAL 
























OSPITAL (415) 841-6543 


MATERNAL-FETAL 
-MEDICINE 
(Board eligible or Certified) 

600 Bed University-affilited Level IH Hos- 
pital with 3,600 deliveries/year, 24-hour 
in-house Anesthesiology and Neonatol- 
ogy/large NICU, active maternal transfer 
service, perinatal outreach programs, and 
fully-approved OB/GYN residency pro- 
gram has immediate opening for a full- 
time position in Perinatology. Duties to 
include residency teaching, maternal 
transfer care, and private practice incen- 
tive. Competitive guaranteed salary plus 
incentive. Excellent public school system, 
housing, and Lake St. Clair in very close 
proximity. E = 


CALL COLLECT: 313-343-3495 
MINU KASHEF, M.D. 
ST. JOHN HOSPITAL 
DEPT. OB/GYN 
DETROIT, MI 48236 





OB/GYN 


NORTHERN CALIFORNIA 


You have a unique opportunity to join the 
area's leading multi-specialty private 
medical practice. Positions are available 
immediately for two BC/BE Ob/Gyns. 
Generous salary, bonus provision, fringe 
benefit package, and early membership 
in the corporation. Accept the challenge; 
become part of our competitive, growing 
organization. Experience the good life— 
wonderful restaurants, beautiful scenery, 
great weather, cultural facilities, easy 
access to beaches and mountains. Send 
CV, and receive further info by contacting: 
Maureen Forrester, Physician Recruiter, 
SAN JOSE MEDICAL GROUP, INC., 45 
So. 17th Street, San Jose, CA 95112. 
(408)-282-7833. 


MATERNAL FETAL MEDICINE 
Chief of Division . 


The Department of Obstetrics and Gynecology of 
Southern lilinois University School of Medicine is 
seeking a qualified individual to head its Division 
of Maternal Fetal Medicine. The Division is respon- 
sible for directing the Springfield Regional Perinatal! 
Center which is the only tertiary care center for 
Central and Southern Illinois. Board-approved Fel- 
lowship Program, Residency Program and com- 
munity-based medical school provide excellent op- 
portunity for teaching and research. Attractive sal- 
ary and benefit package. 

Candidate must be board certified in Obstetrics 
and Gynecology, subspecialty certified in Maternal 
Fetal Medicine and be eligible for Illinois licensure. 
Closing date for applications is March 31, 1989. 


Interested candidates should send their Curriculum 
Vitae to: 


Robert D. Hilgers, M.D. 
Professor and Chairman 
Department of Obstetrics and Gynecology 
SIU School of Medicine 
P.O. Box 19230 
Springfield, IL 62794-9230 


An equal opportunity/affirmative 
action employer. 











OBSTETRICIAN- 
GYNECOLOGIST 


The Permanente Medical Group, Inc. of 
San Jose, California is seeking Board 
Certified/Eligible physicians: for im- f- 
mediate openings in the OB/GYN.Depart-. 
ment. The Departmentis young, dynamic, 
and currently has seventeen members. 
Salary is competitive and benefit package 
is outstanding, including full coverage 
malpractice insurance and generous re- 
tirement plan. San Jose is located in the 
San Francisco Bay Area and offers 
superb cultural and recreational activities. 


Contact: 

Jerome L. Nehemiah, M.D. 

Chief 

Department of OB/GYN 

The Permanente Medical Group, Inc. 
260 International Circle 

San Jose, CA 95119 

Or call: 408-972-6210 or 408-972-6113 








DIRECTOR OF RESIDENCY 
TRAINING PROGRAM 
ST. JOSEPH’S HOSPITAL 
SYRACUSE, NEW YORK 


St. Joseph’s Hospital and SUNY, Health Sci- 
ence Center wish to recruit a full time faculty ` 
person to serve as Director of Residency 
Training at St. Joseph's Hospital and a 
member of the University Obstetrics and Gy- 
necology staff. Duties will include supervising 
clinic activities, clinical practice, resident and 
medical student teaching, clinical research. 


Excellent salary combines state base-line and 
practice incentive package. 


Board eligible/certified candidates should . 
send a curriculum vitae to: 


Michael S. Baggish, M.D. 
Professor and Chairman 
Department of Obstetrics and Gynecology 
SUNY Health Science Center 
750 East Adams Street 
Syracuse, New York 13210 
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WASHINGTON STATE 
The Rockwood Clinic, a 63-physician 
multi-specialty group, is seeking two 
BC/BE OB/GYN’s. A unique opportunity 
exists to assist in both the design and 
development of this newly designated 
department. Excellent professional 
environment, with a competitive salary 
and benefits. 














Spokane offers a wide :ange of cultural . 
events, affordable housing, excellent schools 
and unlimited recreational activities. 


CONTACT: Colleen Mooney — 
Recruitment Coordinator 


JE ROCKWOOD 
“WW CLINIC 


E. 400 5th Spokane, WA 99202 
(509) 838-2531 





University of Florida 
College of Medicine 
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The 14th Annual Update 
in Obstetrics and Gynecology 


Gynecology, Endocrinology, 
Oncology and Maternal-Fetal Medicine 


Orlando, Florida 
March 29-March 31, 1989 


For further information and registration 
contact: | 

Marie Rodriguez 

University of Florida 

College of Medicine 

Department of Obstetrics and 
Gynecology 
Box J-294, JHMHC 
Gainesville, Florida 32610 

(904) 392-3306 


ACOG and AMA Accredited 
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Excellent opportunity for board cer- 
tified/board eligible OB/Gyn to join 
the teaching faculty of a growing 
Family Practice Residency Pro- 
gram located in Baytown, Texas, 
in brand new 150 bed hospital and 
professional building. Baytown is 
located 25 miles east of Houston. 


Attractive starting salary, excellent 
fringe benefits, university faculty 


appointment through the University 
of Texas Health.Science Center, 
and the opportunity to develop pri- 
vate practice. 


Send C.V. to: 


Mr. Randy Bacus © 
Administrator | 
~ San Jacinto Methodist Hospital 
1101 Decker Drive 
Baytown, Texas 77520 





Candidate must be a Board certified or Board eligible gyn 
oncologist, with qualifications to secure a Tennessee medical 
license, and pass the Credentials Committee of the University of 
Tennessee Medical Center at Knoxville. 


Candidate will assist the Director of GYN Oncology in the teaching 
of OB/GYN residents, as well as other residents rotating through 
the Department, in their development of patient examinations, 
diagnosis, surgical skills and post operative care for the GYN 
Oncology patient. Candidate will instruct residents in original 
research, as well as participate in a supportive role in other faculty 
research, as deemed appropriate by the section Director and the 
Chairman. Candidate will be an active participant in all 
Departmental and sectional teaching conferences, seminars and 
lectures. Will serve in Departmental call rotation, as directed by 
the Chairman. 


Interested candidates should contract: 


Michael R. Caudle, M.D. 
. Department Chairman 


THE UNIVERSITY OF TENNESSEE 


Medical Center at Knoxville 
1924 ALCOA HIGHWAY 
KNOXVILLE, TENNESSEE 37920 
(615) 544-9520 
EEO/An Affirmative Action/Title IX/Section 504 Employer 








Reproductive 
\ Endocri 





Mr. James Mikula 
Assistant Director - Patient Services 


1000 North Oak Avenue 


Marshfield, WI 54449 
or call collect at (715) 387-5830 


Marshfield Cinic 























< lated teaching hospital. 


sek Ulum vitae to: 


Oded Rencus, M.D. 
EDICAL Chief of OB/GYN 


EST Health Plan 305 Bicentennial Highway 
\ BL 


mee Springfield, MA 01118 


UE CROSS & g An Affirmative Action/ 
3LUE SHIELD HMO a / 









_ OBSTETRICIAN/ 





= 70,000 from modern suburban facilities. In- 
: patient care is provided at 900-bed Tufts affil- . 


ttractive Pioneer Valley location with fine 
ducational, cultural and recreational 
pportunities. Excellent salary and compre- 
; hensive benefit program. Please send curric- 


Equal Opportunity Employer 







OBSTETRICS AND 
GYNECOLOGY 
WISCONSIN 


We are looking for a Board Certified/ 
Board Eligible obstetrician/gynecolo- 
gist to join a 7 physician OB/GYN De- 
partment in a large multi-specialty 
group practice located near Mil- 
waukee, Wisconsin, to share cover- 
age at two clinic locations and two 
hospitals. Competitive salary and 
fringe benefits. 


Forward inquiries and CV to: 


Administrator 
P.O. Box 427 
Menomonee Falls, WI 53051 


The Ohio State University Health 
Service has an opening in its 


Gynecology Clinic for a Staff 
Physician: Candidates must 


have M.D., license to practice 
medicine in Ohio, be board cer- 
tified or eligible in gynecology, 
and knowledge and experience 
in performing colposcopy and 
cyrosurgery. Salary is negotia- 
ble. To assure consideration, 


materials must be received by 


November 15, 1988. Apply to 
D.I. Charles, M.D., Director, The 
Ohio State University, 1875 Mil- 
likin Road, Columbus, OH 
43210. An Equal Opportunity, 
Affirmative Action Employer. 


Minority candidates and women 


are encouraged to apply. 
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ath) Michael Reese Health Plan 


The Michael Reese Health Plan, a large 
well-established HMO serving its members in 
20 Health Centers throughout the Chicago 
Metro area, is seeking additional Board Certi- 
fied/Eligible physicians in the following 
specialty: 


~ Obstetrics 
Gynecology 


Physicians with the Health Plan enjoy a full 
practice with modern facilities and equipment 
as well as opportunities for teaching. 

A highly-competitive salary and excellent ben- 
efits complement a rewarding practice and 
lifestyle. 


Interested applicants should address inquiries to: 


Scott P. Smith, M.D. 

MICHAEL REESE HEALTH PLAN 
2545 Dr. Martin Luther King Dr., 
Chicago 60616 

or call (312) 808-4551 


an equal opportunity employer m/t/h 


OBSTETRICIAN/ © 
GYNECOLOGIST 


We are searching for a 2nd OB/GYN to 
join our successful multispeciality group 
of 12 physicians. Two year guarantee with 
complete benefits including pension 
plan/profit sharing. Opportunity. to be- 
come a full partner after one year with no 
capital investment. We are located near 
the beautiful Kentucky Lakes area in 
Western Kentucky. Excellent hospital 
facilities including birthing room. 

Call or write to: 

Steven Miller, Administrator 
Morgan-Haugh Clinic 

220 West Walnut 

Mayfield, Kentucky 42066 

(502) 247-8100 





Join a Leader 
We're The Ohio Permanente Medical 
Group, Inc. 


and we are looking for board certified/board eligible 
Obstetrician/Gynecologists to help us keep up with rapid 
growth of the Kaiser Permanente Program in Northeast- 
ern Ohio. OPMG is the multispecialty group practice 
that provides health care services to the more than 
185,000 Kaiser members in the Cleveland-Akron area. 


Our wealth of experience of over 40 plus years (25 in 
Ohio) makes Kaiser Permanente a mature, solid, leader 


"in the managed care sector of the health care industry. 


The rewards of practice with us are substantial—excel- 
lent salary and benefit packages, company-paid retire- 
ment plan, full malpractice covarage, a stimulating, col- 
legial environment in which to practice quality medicine, 
and more. 

Kaiser Permanente’s Ohio Region is located in the heart 
of the dynamic, resurgent industrial Midwest. The area 
offers the best of big city sophistication and culture in 
an affordable, accessible living area. 


Please send your resume to: Ronald G. Potts, M.D., 


-_ Medical Director, Ohio Permanente Medical Group, Inc., 


1300 E. 9th Street, Suite 1100, Cleveland, OH 44114. 
Or you may call us collect at (216) 623-8780. 


@® © 
w, 


KAISER PERMANENTE 





-` NORTHERN CALIFORNIA 


OPPORTUNITY 


Join growing 13 MD multispe- 
cialty group. Quality-oriented 


practice with shared call group 


with 3 other obstetricians. Part- 
nership status available after 
one year. Excellent starting sal- 
ary and comprehensive fringe 


‘benefit package. Position avail- 


able immediately or in July 1989. 
Please send CV to Marc Smith, 
Lincoln Family Medical Group, 
800 Douglas Rd., Stockton CA 
95207 or call for more informa- 
tion (209) 957-7050. 








JOHNS HOPKINS HEALTH SYSTEM 
medical group needs additional physi- 
cians in Internal Medicine, Pediatrics, 
Family Practice, OB/GYN, Cardiology, 
Occupational Medicine, Orthopedics, 
Physical Medicine, Psychiatry, Pulmo- 
nary Medicine and other specialties for 
full-time and part-time positions at new 
and ‘established offices throughout the 
greater ‘Baltimore area. Physicians must 
be board certified or active candidates, 
and eligible for Maryland license and DEA 
certificate. Interviewing now for next sum- 
mer; some positions available immedi- 
ately. Equal Employment Opportunity 
= Employer. Send current curriculum vitae 
to: Charles R. Mock, M.D.; Medical Direc- 
tor; Office of Regional Programs: Wyman 
Park .Medical Associates; 3100 Wyman 
Park Drive; Baltimore; Maryland 21211. 
























Be in onthe delivery 
of the solution to 
OB staffing. - 


LOCUM TENENS , INC., a division of Jackson 
& Coker, offers the qualified OB/GYN: 


¢ 3 to 9 month guaranteed contracts 

e competitive daily rate” ` 

e licensing and coordination 

e knowledgeable administrative support 

e round trip airfare 

* on-site. housing and transportation 

* permanent practice 
opportunities ` 

Call 1-800-544-1987 

or Write to: l 

Locum, Tenens, Inc. 

400 Perimenter 

Center Terrace 

Suite. 760 OGLT8 

Atlanta, Georgia 30346 


f 


LOCUM 
TENENS, INC. 


A Division of 
Jackson and Coker 
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_” SPECIAL DELIVERIES 

_ SPECIAL CHALLENGES. 
a The Southern California Permanente Medical Group invites 
you to join a unique HMO multispecialty group practice — a 
partnership composed of and managed by SCPMG. physicians. 

_ Board eligible/certified PERINATOLOGISTS are needed 
for our high-volume obstetric services which handles 3,000- 
6,000 deliveries per year. Opportunities exist both to join and 
create high risk services. 7 
a There are positions available to practice Perinatology 
sue exclusively. Perinatologists who are interested in performing 
s= other aspects of obstetrics and gynecology may do so. We also 
have positions available for Endocrinologists and General 
Obstetrician-Gynecologists. University affiliation and clinical 
research are encouraged. E m 

- Our compensation is competitive and benefits are outstan- 
ding. They include: professional liability, medical and dental 
coverage, vacation and sick leave, continuing education, life in- 
surance and retirement plans. After two years full-time 
employment, physicians are eligible to be considered for 
partnership. of. 

For a physician application, please call or write to: William 


G. McCormick, M.D., Physician Recruitment, Dept. 49A9, ` 
Walnut Center, Pasadena, CA 91188-8854. (714) 829-5365. 


Equal Opportunity’ Employer M/F/H 


EA 
ha 
KAISER PERMANENTE 
Good People. Good Medicine. 

















men 





Board Certified or Board 

Eligible Obstetrician/Gy- 
necologist to join three 
BC OB/GYN’s and an 
ARNP in New Hamp- 
shire’s most beautiful lo- 
cation. Unlimited outdoor 
activities. Two hours 
drive from Boston. 
Please send CV and ref- 
erences to Wayne 
Domin, M.D., Lakes Re- 
gion OB/GYN, P.A., 96 
High Street, Laconia, 
New Hampshire 03246. 
















SIA 


Reproductive Biologist 
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Columbia-Presbyterian Medical Cen- 
ter is seeking a Senior Embryologist 
to supervise the operation of its suc- 
cessful growing IVF laboratory. 


Responsibilities include the daily op- 
erations of the laboratory as well as 
the obligation of participating in basic 
research into the biology of IVF. | 


Interested applicants should send a | 


CV to: a fe. 2 
= Michael Darder, M.D. 
Medical Coordinator/IVF Program : 


Department of Obstetrics/Gynecology | 


630 West 168th Street . 
New York, N.Y. 10032 


Columbia University is an Equal 
Opportunity Employer. 


OB/GYN 
CLEVELAND, OHIO 


Excellent opportunities available- for 
BC/BE OB/GYN’s interested in private 


T practice | in Cleveland, Ohio. ` 
k Progressive, | . financially stable 316- 
bed. community hospital seeks OB/ 
GYN’s. Options available—associa- 


tion with eneung OB/GYN, solo; or 
group. — 
Attractive financial package and fringe 


benefits including oe insur- 


ance. 


For further information jièase contact 
the following or send CV in confidence 
to: 

Christina W. Black, Vice President 
Deaconess Hospital of Cleveland 
4229 Pearl Road 
Cleveland, OH 44109 
1-800-262-6860 





OB/GYN 


Eligible for Florida License and 
Board Certification or Current 
Florida License BC/BE. For 
practice in small county public 
health unit. Centrally located 
with population of 22,000 +. 

Practice will be mainly OB with 
limited GYN. State of Florida, 
Department of HRS position with 
generous benefits and competi- 
tive salary. Contact Kevin Sher- . 
in, M.D., MPH Director P.O. Box 
788, Wauchula, Fl. 33873. (813) 
773-4161 or (813) 382-1193. 

: EEO Employer 


The Hitchcock Clinic, a large . 
multi-soecialty group practice in 
Hanover, New Hampshire (Dart- 
mouth College! Medical School), 
- geeks two BCIBE obstetrician/gy- 
necologists. Positions involve 
general practice in OB/GYN’in a 
tertiary medical center with the 
possibility of some specialization, 
teaching responsibilities for med- 
ical students and residents, and 
participation. in outreach clinics. . 
Send letter and CV to: Dr. Eric 
Sailer, Chairman of. Search 
Committee, Section of Obstetrics 
& Gynecology, Dartmouth- 
Hitchcock Medical Center, 
Hanover, NH 03756. (603-646-8161). 


A Component of the ` 
Dartmouth-Hitchcock 
pee aii 


Action IE OP eyer 


i” DALA Equa 
THE HITCHCOCK CLINIC OppartunttyiAttimmative 
P Z | ~ 





“Need Florida licensed 
Obstetrician to supervise 
nurse midwife program 
based at Public Health 
Unit. Competitive salary, 
fringe benefits and mal- 
practice insurance. 

Call Celia Savarese for 
further information, (904) 
726-3888". 


Erop Health pan 


OB/GYN 
Rapidly growing, . innovative primary care 
clinic has openings for two board eligible/cer- 
tified OB/GYN physiçians. New clinic facility 
in the fastest growing urban area in Minne- 
sota. St. Cloud is a community of 45,000 lo- 
cated on the upper Mississippi River 70 miles 
from Mpls./St. Paul. Be close’ to lakes, ski 
areas and excellent schools, including three 
universities. Join a supportive primary care 
staff and receive competitive salary, outstand- 
ing benefits, liberal vacation and educational 
leave, malpractice coverage, etc. Contact 
Physician Services, Central Minnesota Group 
Health Plan, 1245 15th Street North, 
St. Cloud, MN 56303. 612/253-5220. EOE. 


Group Health Cooperative of Puget 
Sound, a 360,000-member pre-paid 
group practice, currently has a 
position for an OB/GYN Physician. 
Referral only practice in a 
multi-specialty organization. 


i. inquire, write: 
Director of Medical Staffing 
Group Health Cooperative 
of Puget Sound 
521 Wall Street 
peut WA 981 21 


of Cooperative Sound 
Affirmative Action/Equal Opportunity Employer 


OBSTETRICS &- 
GYNECOLOGY 
Excellent ‘opportunity for BC/BE OB/GYN to 
join new satellite office of a well established, 
fee for service, single PAY group prag 

tice. . 
Opportunity located in beautiful So. New 


Hampshire just 45 minutes from Boston, 
Mountains and Seacoast. 


_ Modern progressive, fully équipped 300 bed 


hospital with a family centered OB Unit of 
2100+ births and Neonatologist Staff Ad- 


_ vanced Care Nursery. 


Opportunity includes attractive compensation 
plan, benefits, and excellent growth potential. 
Please forward CV in confidence to: 
Sharon Dionne, CPC 
Coord./Physician Recruitment 
_ Health Northeast 
80 Tarrytown Road 
Manchester, N.H. 03103 
Telephone: (603) 623-1321 
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ee OBSTETRICS & - : 
GYNECOLOGY HEADING 


Excellent opportunity for BC/BE 
Obstetrician/Gynecologist. Join 
a well established fee for service. 
75 physician multi- -specialty 
group.in Rocky Mountain area. 
Great professional opportunity. 
Fine place to raise a family, enjoy 
the out of doors, and we have 
excellent cultural amenities in 
our smäll city. Forward CV to:-.. 
John W. Heizer, M.D: 


| | Chairperson na 
Obstetrics and Gynecology 


The Boston University School of Medicine, Boston - City 
Hospital, and University Hospital are conducting a com- 
prehensive search to identify qualified candidates to head 
the Departments of Obstetrics and Gynecology at the 
School of Medicine and Boston City Hospital and the 
Department of- Gynecology at University Hospital. 


The new Chairperson will. be responsible for developing 
strong research and educational programs and for continu- 

ing, expanding and improving the excellent clinical pro- 

grams in the hospitals and with neignpomneed health 
centers. 


The Chairperson will develop a collaborative physician- 
midwife practice and strengthen ralationghips with com- 
munity providers. 


interest and experience in developing and collaborating i in 

research on low birth weight, and perinatal and infant mor- 

tality through medical and health care delivery system 
‘changes are desirable. ` 

The opportunity will’ be present to recruit: new faculty and 

foster their development. | l 

Please send applications and nominations by January 


15, 1989 to: Dr. Jerome Klein, Chairman, Search Com- 
mittee, Maxwell Finland Laboratories for Infectious 
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Medical Director . 
_ The- Billings Clinic 
-P.O.Box 35100. | 
Billings, MT 59107-5100 


Boston University School of Medicine 
Dept. of Obstetrics & Gynecology 
presents” 

A REVIEW COURSE AND UPDATE. IN 
OBSTETRICS AND GYNECOLOGY- 

. 19889 : 
Course Director _ 
Leonard J. Cibley, M. D. 


A distinguished faculty will ernphasize 
controversial topics and management of 
patients in broad areas of obstetrical and 
gynecological practice. This program 
shoild prove of interest to the practicing 
obstetrician- -gynecologist, resident-in- 
training, as well as to the nurse- “midwife 
and nurse practitioner. | 


March 27- -29, 1989 
Ritz-Carlton Hotel — 
Boston, Massachusetts 


For further information, contact: 


Dept.. of Continuing Medical Education : 


Boston University School of Medicine 
80 E. Concord St. | 
Boston, MA 02118 
(617) 638-4605 | 


S Diseases, Boston City Hospital, Boston, MA 02118. 


2 Ap Affirmative Action/Equal Opportunity’ Employer., oe 


Boston University 
Medical Center 


ae 
os - THREE F RIVERS MICHIGAN 


Three Rivers Area Hospital is seeking a. board 
eligible/board certified OB/GYN to join its medical 
staff, This southwestern Michigan hospital is a newly 
constructed 60 bed facility that provides care to a 


- service population of 35,000. 


There is outstanding growth potential for this 
practice. and call coverage is available. An excellent 
salary is being offered and the benefit package will 


- be tailored to meet the candidate’ s needs. 


Largely anind ustrial community, Three Rivers offers 
many recreational activities including a ski resort, 36 
hole PGA golf course, camp grounds, game and 


hunting area, as well as many beautiful lakes and 


rivers. 
For more information about this practice opportu- 
nity, send CV or call collect: 
3 Deb Hartman 
Bronson Management Services Corporation 
150 East Crosstown Parkway, Suite 215 


Kalamazoo, MI 49001 
Phone: (616) 344-6444. 





MEDICAL JOURNALS 


A Tradition of Publishing Excellence 


Mosby’s specialty publications bring important medical literature to more than 234,000 worldwide subscribers. Mosby journals 


provide information that progressive physicians need to stay abreast of the latest developments in their specialty. 


SAMPLE COPIES OF JOURNALS ARE AVAILABLE 


* THE JOURNAL of ALLERGY and 
CLINICAL IMMUNOLOGY 
Monthly. Institutions: $106.00; Individuals: $50.00; 
Students, residents: $32.00. Official publication of the 
American Academy of Allergy and Immunology. 


* CLINICAL PHARMACOLOGY 
& THERAPEUTICS 
Monthly. Institutions: $130.50; Individuals: $72.00; 
Students, residents: $45.00. Official publication of the 
American Society for Pharmacology and Experimental 
Therapeutics and the American Society for Clinical 
Pharmacology and Therapeutics. 


* JOURNAL of THE AMERICAN ACADEMY 
of DERMATOLOGY 
Monthly. Institutions: $120.00; Individuals: $65.00; 
Students, residents: $42.00. Official publication of the 
American Academy of Dermatology. 


* THE JOURNAL of HAND SURGERY 
(American Volume) 
Bimonthly. Institutions: $98.00; Individuals: $43.50; 
Students, residents: $25.00. Official publication of the 
American Society for Surgery of the Hand. 


* AMERICAN HEART JOURNAL 
Monthly. Institutions: $113.00; Individuals: $57.00; 
Students, residents: $33.00. 


* HEART & LUNG: THE JOURNAL of 
CRITICAL CARE 
Bimonthly. Institutions: $78.50; Individuals: $22.50; 
Students, residents: $16.00. Official publication of the 
American Association of Critical-Care Nurses. 


* AMERICAN JOURNAL of 


INFECTION CONTROL 

Bimonthly. Institutions: $75.25; Individuals: $22.25; 
Students, residents: $15.00. Official publication of the 
Association for Practitioners in Infection Control. 


* THE JOURNAL of LABORATORY and 
CLINICAL MEDICINE 
Monthly. Institutions: $125.75; Individuals: $69.00; 
Students, residents: $35.00. Official publication of the 
Central Society for Clinical Research. 


* AMERICAN JOURNAL of OBSTETRICS 
and GYNECOLOGY 
Monthly. Institutions: $118.00; Individuals: $65.50; 
Students, residents: $38.00. Official publication of the 
American Board of Obstetrics and Gynecology, The 
American Gynecological and Obstetrical Society, plus 41 
regional societies. 


Subscription rates quoted are for USA only. International rates 
(surface and airmail delivery) available upon request. All 
subscriptions are for one-year terms. Subscriptions may begin at 
any time. 


i FFF Nee 


* OTOLARYNGOLOGY—HEAD and 
NECK SURGERY 
Monthly. Institutions: $132.50; Individuals: $72. 50; 
Students, residents: $45.00. Official publication of the 
American Academy of Otolaryngology-Head and Neck 
Surgery, the American Academy of Otolaryngic Allergy, 
and the American Neurotology Society. 


THE JOURNAL of PEDIATRICS 
Monthly. Institutions: $109.50; Individuals: $52.00; 
Students, residents: $30.00. 


SURGERY 

Monthly. Institutions: $111.50; Individuals: $54.50; 
Students, residents: $32.00. Official publication of the 
Society of University Surgeons, Central Surgical 
Association, and the American Association 

of Endocrine Surgeons. 


* THE JOURNAL of THORACIC and 
CARDIOVASCULAR SURGERY 
Monthly. Institutions: $130.50; Individuals: $77.00; 
Students, residents: $45.00. Official publication of the 
American Association for Thoracic Surgery and the 
Western Thoracic Surgical Association. 


* JOURNAL of VASCULAR SURGERY 
Monthly. Institutions: $112.50; Individuals: $62.50; 
Students, residents: $35.00. Official publication of the 
Society for Vascular Surgery and the International Society 


+ 


* 


for Cardiovascular Surgery (North American Chapter). 


CLINICAL NUTRITION 

Bimonthly. Institutions: $39.00; Individuals: $39.00; 

Students, residents: $21.00. 

THE JOURNAL of HEART 

TRANSPLANTATION 

Bimonthly. Institutions: $65.75; Individuals: $43.00; 

Students, residents: $25.00. Official publication of the 

International Society for Heart Transplantation. 

JOURNAL of THE AMERICAN ACADEMY 

of PHYSICIAN ASSISTANTS 

Bimonthly. Institutions: $38.00; Individuals: $24.00. 

Official publication of the American Academy of aad 

Assistants. 

JOURNAL of THE AMERICAN SOCIETY 

of ECHOCARDIOGRAPHY 

Bimonthly. Institutions: $51.00; Individuals: $37.00; 

Students, residents: $28.00. Official publication of the 

American Society of Echocardiography. 

* JOURNAL of BURN CARE & REHABILITATION 
Bimonthly. Institutions: $42.00; Individuals: $28.00. 
Official publication of the American Burn Association. 


-* 


* Included in Index Medicus AJS-101 


THE C.V. MOSBY COMPANY .- Call: 
Journal Circulation Department (314) 872-8370, ext. 351 
11830 Westline Industrial Drive In the U.S., call toll-free: 


St. Louis, Missouri 63146 1-800-325-4177, ext. 351 
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ONCOLOGY 


By Philip J. DiSaia, M.D. and William T. Creasman, M.D. 

This highly acclaimed reference has become the best selling book 
on the subject! The New 3rd Edition presents all the latest 
developments in this field. The new addition of a second color 

‘enhances the effectiveness of graphs, illustrations, and critical refer- 
ence information. Current and very readable, the practical approach 
makes it an invaluable addition to your personal library. 

e NEW coverage of the human papilloma virus infections of the 
genital tract 

e NEW information on colorectal cancer and on host defense 
mechanisms 

e greatly expanded chapter on breast disease 

e disease processes discussed by site for easy access to the informa- 
tion you need 

e discusses vulvectomy and its possible modifications for tailoring 
therapy to disease presentation and, wherever possible, the preser- 
vation of sexual function and body image 

1988. 721 pages, 221 illus. including 32 in color! (Book Code: 

01513) Price, $60.00 (U.S.); $78.00 (Can.) 


DA Mosby 


Order by phone for faster service! 
Call FREE: 800-221-7700, ext. 15A. 


The CV. Mosby Company 
11830 Westline Industrial Dr. 
St. Louis, MO 63146 
800-221-7700, ext. 15A 


The CV. Mosby Company, Ltd. 


5240 Finch Avenue East Our ordering line is open 24 hours, 7 
eae days a week. In Canada, call collect 
416-298-2465 (416) 298-2465. FLR-386-031 
YES! Send the ___ copies of DiSaia and Creasman’s CLINICAL 
GYNECOLOGIC ONCOLOGY (01513) priced at $60.00 (U.S.); 
$78.00 Can.) on 30-day approval. 


SAVE MONEY! Enclose a check or charge to your credit card. Mosby pays 
the shipping and handling charges on all prepaid orders. 
C Payment enclosed Charge my: C MasterCard CI VISA 


Card # Exp. date 





Signature 





Phone {se —) 
C Bill me, plus shipping and handling 
C Add me to your mailing list (No purchase necessary) 





Name 
Address 
City 
State 
Specialty 
ALL PRICES SUBJECT TO CHANGE, Add applicable sales tax. 

30 day approval good in US. and Canada. Prices dightly higher outside U.S. Outside the U.S. and Canada, 


please pay by check or money order in dollar equivalent. 
If you are using a hospital Purchase Order, please send it with this coupon to Dennis Carson at the Mosby 


address for proper processing an mee pesoal svc FLR-386-031-03 











Zip 
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<<... KEEP IT WITHIN ARM’S REACH.” 


D JOURNAL OF MEDICINE) 


COMPREHENSIVE GYNECOLOGY © 


By William Droegemueller, M.D.; Arthur L. Herbst, M.D.; Daniel R. 
Mishell, Jr., M.D.; and Morton A. Stenchever, M.D. 

“A comprehensive personal treatise on management with good clinical- 
correlations . . . I shall use it, and most gynecologists would do well to 
keep it within arm’s reach.” (The New England Journal of Medicine) 
1987. 1,159 pages with 838 illustrations. (Book Code: 01929) Price, 
$68.00 (U.S.); $88.50 (Can.) 


NEW! 
COMPREHENSIVE GYNECOLOGY REVIEW 


By Gerald B. Holzman, M.D.; Frank W. Ling, M.D.; Douglas W. Laube, 

M.D.; and Louis O. Vontver, M.D.; with 2 contributors. 

e corresponds exactly to Droegemueller et al.’s COMPREHEN- 
SIVE GYNECOLOGY with page references, for self-evaluation 
or preparation for an examination 

1988. 272 pages, 123 illustrations. (Book Code: 02445) Price, $19.95 

(U.S.); $26.00 (Can.) 


SAVE TIME AND MONEY! Order the Droegemueller et al. book and 
the Holzman review manual packaged together and SAVE — one con- 
venient package at one convenient price! (Book Code: 01435) Price, 
$75.00 (U.S.); $97.50 (Can.) 


In a hurry to order? 

Call FREE: 800-221-7700, ext. 15A. 
Our ordering line is open 24 hours, 

7 days a week. In Canada, call collect 


16-298-2465. as Mosby 


The CY. Mosby Company °11830 Westline Industrial Drive ° St. Louis, MO 63146 

® 800-221-7700, ext. 15A 

The CV. Mosby Company, Ltd. * 5240 Finch Avenue East ¢ Scarborough, Ontario * Canada 
MIS 5A2 © 416-298-2455 


FLR-387-031 


YES! Send the book(s) I’ve checked below on 30-day approval. 

CO DROEGEMUELLER ET AL. (01929) Price, $68.00 (U.S.); 
$88.50 (Can.) 

O HOLZMAN ET AL. (02445) $19.95 (U.S.); $26.00 (Can.) 

O DROEGEMUELLER/HOLZMAN PACKAGE (01435) $75.00 (U.S.); 
$97.50 (Can.} 


SAVE MONEY! Enclose a check or charge to your credit card. Mosby pays the shipping and 
handling charges on all prepaid orders. 


-O) Payment enclosed Charge my: O MasterCard O VISA 


Cad# Ep. date 
Signature 


Phone (________ ) 
D Bill me, plus shipping and handling 
O Add me to your mailing list (No purchase necessary) 


Name 

Address 

City 
State Zip 


Specialty 

ALL PRICES SUBJECT TO CHANGE. Add applicable sales tax. 

30 day approval good in U.S. and Canada. Prices slightly higher outside U.S. Outside the U.S. and 
Canada, please pay by check or money order in dollar equivalent. 

If you are using a hospital Purchase Order, please send it with this coupon to Dennis Carson at 
the Mosby address fcr proper processing and more personal service. 


FLR-387-031-03 



























As a current subscriber to the American Journal of 


Obstetrics and Gynecology, you are eligible to order a. 


the value of a bound volume set of all 1989 issues. 
B ound Volume set You'll enjoy these conveniences: 


of the è quick and easy access to the Journal’s text pages, with all x 
advertisements removed; j 
* complete subject and author index; 
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HER BAD HABITS. 
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‘ould result in spontaneous abortion, premature delivery, retarded fetal growtl 
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The Obstetrics and Gynecology Review Course 


February 20-25, 1989 — Los Angeles 
April 24-29 and *November 27-December 6, 1989 — Chicago 
Now, your comprehensive review of basic and clinical science 


OBJECTIVES: 


è Increase basic knowledge and clinical skills in ob-gyn. 
e Assist residents and fellows to organize study 

e Prepare candidates to enter their specialty 

è Provide practicing gynecologists with an update 


METHODS: 


Co-sponsored by the Osler Institute and St. Louis University 


e HOME STUDY MATERIALS with questions and answers 
e SEMINAR with projection slides and syllabus 

e LABORATORY with microscopic slides 

èe PRACTICE EXAMS with oral and written parts 


* Any six days will complete the program. 8:00 AM to 9:30 PM Nov. 27-Dec. 2 (live); Dec. 3-6 (Video replay of Nov. 27-30). 





"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as well." * 


TOPICS 

Clinical Science Benign Gynecology 
Surgical Anatomy Infectious Diseases 
Embryology Urinary Retention 
Radiology Urinary Incontinence 
Genetics Pediatric Gynecology 
Teratology Sexual Assault 
Anesthesiology Ectopic Pregnancy 
Antibiotics Endometriosis 
Pathology Reproductive Endo. 
Vulva Contraception 
Vagina Infertility 

Cervix Amenorrhea 
Endometrium Abnormal Bleeding 
Myometrium Androgen 

Ovary Prolactin 

Placenta Menopause 
Oncology Maternal-fetal Med. 
Chemotherapy Pharmacology 
Vulva and Vagina Diabetes 

Cervix Hypertension 
Uterus Hematology 

Ovary Antepartum Testing 
Trophoblast Premature Labor 
Breast Birth Trauma 


Name 
Address 
City/State/Zip 
Phone 


P.O. Box 2218 


Mail today to: 


1094 Dawn Lane, Dept. Al 


' Terre Haute, IN 47802 


For: [] Feb. 20-25, 1989 — Los Angeles 
C] April 24-29, 1989 — Chicago 
[] Nov. 27-Dec. 6, 1989—Chicago 
C] Check enclosed for $ 


[] Please send more information 











FACULTY 


Arieh Bergman, M.D. 

Univ. of Southern California 
Carolina Braga, M.B.,B.S. 
Univ. of Calif., San Francisco 
Larry Cousins, M.D. 

Loma Linda University 
Edward Hill, M.D. 

Univ. of Calif., San Francisco 
Allan Jacobs, M.D. 

St. Louis University 

Conley G. Lacey, M.D. 

Univ. of Calif., San Francisco 
Walter L. Millar, M.D. 

Univ. of California, San Diego 
Michael Policar, M.D. 

Univ. of Calif., San Francisco 
Manuel Porto, M.D. 
University of California, Irvine 
Joseph H. Selliken, Jr., M.D. 
Osler Institute, Terre Haute 
Richard Voet, M.D. 

Univ. of Texas Southwestern 
Wendell A. Wall, Jr., M.D. 
University of North Dakota 
Peter Watson, M.D. 

Oregon Health Science Univ. 
Stan Williams, M.D. 
University of Florida 

David R. Witt, M.D. 

San Jose, California 


Limited Enrollment: OBSTETRICS AND GYNECOLOGY REVIEW REGISTRATION 


Lo. nace eundénbdenee casetaedacesee 


"Accommodations were comfortable...."* 


GOALS AND LOCATION: This course 
for residents and practicing gynecologists 
is a comprehensive review and update of- 
fered in the spring and fall. The fall course 
is more clinically oriented and will be in 
Chicago. The meeting hotels will be the 
best combination of good study environ- 
ment and bargain rates. Our experience 
shows that patient negotiation gives our 
participants the best value. Please wait for 
instruction before buying travel tickets. 


" „and those little extras...."* 


LOWEST AIR FARES: Reliable Travel 
offers you the lowest air fare — often 
below super-saver rates. Please call toll- 
free 1-800-645-6504 ext. 10 and identify 
yourself with this Osler course. 


"remarkably complete and pleasant."* 


PLACEMENT SERVICE: For a practice 
opportunity write or call (800) 356-7537. 


"the most education for the money."* 
FEES AND C.M.E. CREDITS: 


e Category 1 C.M.E. Credit: 60 Hours 
e Practicing Gynecologists: $630 
Residents and Fellows: one third off 


e Add 10% for Los Angeles after February 10. 

Attendees not in course hotel add $8/day. 

$50.00 will reserve your position. 

e Most home study materials will be mailed 
after half the registration fee is received. 

eSt. Louis University is accredited by the 
ACCME snd epeatee De oe orup 
to 60 hours in Category 1 of the Physician’s 
Recognition Award of the A.M.A. 


"home study material was earemely helpful"* 

CANCELLATIONS:Refunds subject to $50 
fee, will be made until the seminar begins. 

eCancellation after mailing home study 
material requires retention of half of the fee. 


"I feel [the course] helped me pass...."* 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
THE OSLER INSTITUTE 
1094 Dawn Lane, Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


* Comments by participants 


2I- and 28-day regimens 


OATHO-NOVUM 11 


Each white tablet contains 05 mq norethindrone and 0.035 mg ethinyi estradio!. Each light peach tablet 
contains 0.75 mg norethindrone and 0.035 mg ethinyl estradiol. Each peach tablet contains 1 mg nore- 
thindrone and 0.035 mg ethinyl estradiol. Each green tablet in 28-day regimen contains inert ingredients 


IMPORTANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information 
provided with the product and therefore should not be used as the basis for prescribing the product. 
This summary was prepared by deleting from the complete prescribing information certain text, tables 
and references. The physician should be thoroughly familiar with the complete prescribing information 
betore prescribing the product. 


INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 

CONTRAINDICATIONS: Orat contraceptives should not be used in women who currently have the following 
conditions: 1 Thrombophiebis or thramboembane disorders. 2. A past history of deep vein thrambophie- 
Bitis or thrornboemboiic disorders. 3. Cerebral vascular or coronary artery disease 4. Known or suspected 
carcinama of the breast. 5. Carcinoma of the endometrium of other known or suspected estragen-depen- 
dent neoplasia. 6. Undiagnosed abnormal genital bleeding. 7 Chalestatic jaundice of pregnancy or jaundice 
with prior pill use. 8 Hepatic adenomas or carcinomas. 9 Known of suspected pregnancy 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral contracep- 
tive use. This risk increases with age and with heavy smoking (15 or more cigarettes per day) and 
is quite marked in women over 35 years of age. Women who use ora! contraceptives should be 
strongly advised not to smoke. 








The use of orai contraceptives is associated with increased msks of Several serious conditions including 
myocardial infarchon. thramdoembotism. stroke, hepatic neoplasia, and gallbladder disease. although the 
risk of serous morbidity or mortality is very smali in healthy women without underlying risk factors The 
nsk of morbidity and mortaldy increases signi icantly in the presence af other underlying osk factors such 
as hypertension. hyperlipidemuas. obesity and diabetes. Practitioners prescribing oral contraceptives 
should be familar with the following information relating to these risks The information contained in this 
bref summary is poincipally based on studies cared out in patients who used oral contraceptives with 
higher formulations of estrogens and progestogens than those in common use today The effect of long 
term use of the oral contraceptives with lower formulations of both estrogens and progestogens remains 
to be determined. Throughout this bnet summary epidermological studies reported are of two types 
retrospective or case control studies and prospective or cchort studies. Case confrol studies provide a 
measure of the relative isk of a disease. namely a ratio of the meidence of a disease among oral contra- 
ceptive users to thal among nonusers. The relative risk does not provide information on the actual clinical 
occurrence ot a disease Cohort studies provide a measure of attributable nisk, which is the difference in 
the incidence of disease between oral cantraceptive users and nonusers The attributable risk does pro- 
vigde information about the actual occurrence of a disease in the population. For further information, the 
reader is referred to a text cn epidemiological methods. t THROMBOEMBOLIC DISORDERS AND OTHER 
VASCULAR PROBLEMS. a Myocardial Infarction An mecreased rsk of myocardial infarction has been 
associated with oral contraceptive use Tis rsk 15 primarily in smokers of women with other underlying 
nsk factors for coronary artery disease such as hypertensicn. hypercholesterolemia, morbid obesity, and 
diabetes The relative risk of Heart attack for current oral contraceptive users has been estimated to be two 
to sx. The ask 1s very low under the age of 30 Smoking in combination with oral contraceptive use has 
been shown to contribute substantially to tre incidence af myocardial infarctions in women in ther 
nud-thirhes of older with smoking accounting for the majortty of excess cases. Mortality rates associated 
with circulatory disease have been shown te increase substantially in smokers. especially in those 36 
years of age and older among women who use oral contraceptives. Oral contraceptives may compound the 
effects of well-known risk factors. such as hypertension, crabetes. hyperligidemias, age and obesity in 
particular some progestogens are known to decrease HDL cholestera! and cause glucose intolerance. 
while estrogens may create a stale of hypermsulinism. Oral contraceptives have been shown to increase 
blood pressure among users {see section 9 in WARNINGS} Similar effects on nsk factors have been 
associated with an increased sk of heart cisease Oral contraceptives must be used with caution in 
women with cardiovascular disease nisk factors. b. Thromboembolism An increased sk of thromboem- 
balc and thrombotic disease associated with the use of sral contraceptives is well established. Case 
comtrol studies have found the relative risk of users compared to non-users to be 3 for the first episode of 
superficial venous thrombosis. 4 to H for deep ven thrombosis or pulmonary embolism, and 15 te 6 for 
women with predisposing conditions for vengus thromboembolic disease Cohort studies have shown the 
relative risk to be somewhat lower aboul 3 for new cases and about 4.5 for new cases requiring hospital: 
zation The risk of thromboembolic disease associated with oral contraceptives is not related to length of 
use and disappears after mii use is stopped A two- to four-fold increase m relative risk of post-operative 
thromboembolic complications has been reported with the use of oral contraceptives The relative risk of 
venous Unrombasis in women who have predisposing conditions ts twice that of women without such 
medical conditions. H feasibie, oral contraceptives should be discontinued at least four weeks prior to and 
for two weeks after elective surgery ot a type associated with an increase in risk of thromboembolism and 
durna and lollowing prolonged immobilization. Since the immediate postpartum period is also associated 
with an mereased ngk of thromboembolism. oral contraceptives should be started no earker than four 
weeks after dehvery in women who elect not to breast feed c. Cerebrovascular diseases Oral contracep- 
tives have been shown fo increase both the relative and attributable asks of cerebrovascular events 
ithrombotic and hemorrhage strokes), although. in general, the risk is greatest among older (>35 years). 
hypertensive women who aiso smoke Hypertension was ‘ound to be a rsk factor for bath users and 
non-users, for both types of strokes. and smoking interactec fo increase the risk of stroke in a large study. 
the relative nsk of thrombotic strokes has been shown to range from 3 for normotensive users to 14 for 
users with severe hypertension. The relative msk of hemorrhagic stroke is reported to be 1.2 for non- 
smokers who used ora! contraceptives. 2.6 for smokers who did not use oral contraceptives, 76 for 
smokers who used oral contraceptives. 18 for normotensiva users and 25.7 for users with severe hyper- 
tension. The atinbutabfe risk ts also greater in older women d. Dose-retated nisk of vascular disease from 
gral contraceptives. A positive association nas been observed between the amount of estrogen and 
progestogen in oral contraceptives and the risk af vascular disease. A dechne in serum high density 
upoprotems (HDL) has been reported with many progestateonal agents. A dechne in serum high density 
hpoprotems has been associated with an increased incidence of ischerruc heart disease. Because estro- 
gens mcrease HDL cholesterol, the net effect of an oral contraceptive depends on a balance achieved 
between doses of estrogen and progestogen and the activity of the progestogen used in the contraceptive 
The activity and amount of both hormones shouid be considered in the choice of an oral contraceptive 
Minimizing exposure to estrogen and progestogen is in keeping with gozd principies of therapeutics. For 
any particular estragen/progestogen combination, the dosage regimen prescribed should be one which 
contams the leas! amount of estrogen and progestogen that is compatible with a iow failure rate and the 
needs of the individual patient New acceptors of oral contraceptive agents should be started on prepara- 
{rons containing 0.035 mg or less of estrogen e Persistence of risk of vascular disease. There are two 
studies which have shown persistence of nisk of vascular disease for ever-users of oral contraceptives. ina 
Study in the United States. the isk ot developing myocardial infarction after discantinumg oral contracep- 
tives persists for at least 9 years for women 40-49 years who had used oral contraceptives for five or 
more years, but this increased risk was not demonstrated in other age groups in another study in Great 
Britan, the rsk of developing cerebrovascular disease pers:sted for at least 6 years after discontinuation 
of orai contracephves. although excess psk was very smali. However, both studies were performed with 
oral Contraceptive formulations contaimng 50 mucrograms or higher of estrogens. 2 ESTIMATES OF 
MORTALITY FROM CONTRACEPTIVE USE. One study gathered data from a variety of sources which have 
estimated the mortality rate associated with different methods of contraception at different ages. These 
estimates inciude the combined risk af death associated with contraceptive methods plus the risk attribu- 
table to pregnancy in the event of method fature. Each method of contraception has its specific benetits 
and naks. The study conciuded that with the exception of oral contraceptive users 35 and older who smoke 
and 40 and cider who do rot smoke. mortality associated with all methods of birth contro! is low and 
below that associated with childbirth. However smokers 35 and older and non-smokers 40 and older who 
use oral Contraceptives have a significant increase in mortality higher than those using other methods of 
birth control These facts must be weighed in conjunction with failure rates for other methods and the nisk 
associated with subsequent pregnancy 3. CARCINOMA CF THE REPRODUCTIVE ORGANS. Numerous 
epidemiological studies have been performed on the incidence af breast, endometrial, ovanan and cervical 
cancer in women using oral contraceptives. While there are conflicting reports the overall evidence in the 
hteralure suggests that use of oral contraceptives is not associated with an increase in the risk of 
developing breast cancer The Cancer and Steroid Hormone (CASH) study also showed no latent effect on 
the risk of breast cancer for at least a decade following long term use Some studies have shown a slightly 
increased relative isk of developing breast cancer Some studies suggest that oral contraceptive use has 
been associated with an increase in the sk of cervical intraepithelial neoplasia in some populations of 
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women However. there continues to be controversy about the extent to which such findings may be due to 
differences in sexual behavior and other factors. in spite of many studies of the relationshio between oral 
contraceptive use and breast and cervical cancers, a cause and effect relationship has not been estab- 
lished. 4 HEPATIC NEOPLASIA. Benign hepatic adenomas are associated with oral contraceptive use, 
although the incidence of benign tumors ts rare in the United States. indirect calculations have esiimated 
the attributable nisk to be in the range of 33 cases/100.000 tor users. a risk that increases after four or 
more years of use especially with oral contraceptives of higher dose. Rupture of benign. hepatic adenomas 
may cause death through intra-abdominal hemorrhage. Studies from Britain have shown an increased risk 
of developing hepatocellular carcinoma in long-term (>8 years} orai contraceptive users. However, these 
cancers are rare in the US. and the attributable risk {the excess incidence) of fiver cancers in oral 
contraceptive users approaches fess than one per nullion users 5. OCULAR LESIONS There have been 
chaical case reports of retinal thrombosis associated with the use of oral contraceptives. Oral contracep- 
tives should be discontinued H there is unexplained partial or complete loss of vision: onset af proptosis 
or diplopia, papiledema. or retinal vascular lesions. Appropriate so nelle and therapeutic Measures 
should be undertaken immediately 6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREG- 
NANCY: RISK OF BIRTH DEFECTS. Extensive epidemiological studies have revealed no increased nsk of 
bith defects in women who have used oral contraceptives pror to pregnancy The marity of recent 
Studies aiso do not indicate a teratogenic effect, particularly in so far as cardiac anomahes and hmb 
reduction defects are concerned, when taken inadvertently during early pregnancy The administration at 
oral contraceptives to induce withdrawal bleeding should not be used as a test for pregnancy. Oral 
contraceptives should not be used during pregnancy to treat threatened or habttual abortion. itis recom- 
mended that for any patient who has missed two consecutive penods pregnancy should be tuled out 
before continuing oral contraceptive use. if the patient has not adhered to the prescribed schedule. the 
possibitty of pregnancy should be considered at the time of the first mussed period. Oral contraceptive 
use should be discontinued until pregnancy is ruled out. 7 GALLBLADDER DISEASE Earker studies have 
reported an imcreased lifetime relative risk of gallbladder surgery in users of oral contfaceptives and 
estrogens. More recent studies, however, have shown that the relative ask of developmg galibiadder 
disease among oral contraceptive users may be minimal. The recent findings of mumimal sk may be 
related to the use of oral contraceptive formulations containing lower hormonal doses of estrogens and 
progesiogens. 8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS Oral contraceptives have been shown 
to Cause a decrease m glucose tolerance in a significant percentage of users. This effect has been shown 
to be directly related to estrogen dose. Progestogens increase insulin secretion and create msulm resist- 
ance. tus effect varying with different progestational agents. However m the non-diabetic woman, oral 
contraceptives appear to have no effect on fasting blood glucose Because af these demonstrated effects 
prediabetic and diabetic women in particular should be carefully monitored while taking oral conteacep- 
tives. A small proportion of women wil have persistent hypertrglycendenmia whide on the pi As dis- 
cussed earher (See WARNINGS ta and 1d), changes in serum triglycerides and hpoproten levels have been 
reported in oral contraceptive users. 9 ELEVATED BLOOD PRESSURE. An increase in blocd pressure has 
been reported in women taking oral contraceptives, and this increase is more hkely in older oral contra- 
ceptive users and with extended duration of use Data from the Royal College of General Practitioners and 
subsequent randommuzed trials have shown that the incidence of hypertension increases with increasing 
progestational activity Women with a history of hypertension or hypertension-related diseases. or renal 
disease. should be encouraged to use another method of contraception. If women elect to use oral 
contraceptives, they should be monitored closely and if significant elevation of blood pressure occurs. oral 
contraceptives should be discontinued. For most women, elevated blood pressure will return to normal 
after stopping oral contraceptives, and there is no difference in the occurrence of hypertension between 
former and never users. 10 HEADACHE The onset or exacerbation of migraine or development of headache 
with a new pattern which is recurrent, persistent or severe requires discontinuation of oral contraceptives 
and evaluation of the cause. ii BLEEDING IRREGULARITIES Breakthrough bleeding aad spotting are 
sometimes encountered in patients on oral contraceptives, especially during the first three months of use. 
Non-hormonal causes should be considered and adequate diagnostic measures taken to rule out malig- 
nancy of pregnancy in the event of breakthrough bleeding as in the case of any abnormal vaginal bleeding 
If pathology has been excluded, time or a change to another formulation may solve the problem. in the 
event of amenorrhea. pregnancy shouid be ruled out. Some women may encounter post-pili amenorrhea or 
oiigomenorrhea. especially when such a condition was preexistent. 12. ECTOPIC PREGNANCY Ectopic as 
well as intrauterine pregnancy may occur im contraceptive failures. PRECAUTIONS: 1. PHYSICAL EXAMI- 
NATION AND FOLLOW UP A complete medical history and physica! examination should be taken prior to 
the intuation or remstitution of oral contraceptives and at least annually during use of oral contraceptives. 
These physical examinations should include special reference to blood pressure. breasts. abdomen and 
pelvic organs, iaciuding cervical cytology. and relevant laboratory tests. in case of undiagnosed persistent 
of recurrent abnormal vaginal bleeding. appropriate diagnostic measures should be conducted to rule out 
malignancy. Women with a strong family history of breast cancer or who have breast nodules should be 
monitored with particular care. 2. LIPID DISORDERS. Women who are being treated for Ayperiipndernas 
should be followed closely if they elect to use orai contraceptives. Some progestogens may elevate LDL 
levels and may render the control of hyperlipidemias more difficult. 3. LIVER FUNCTION ff saundice 
develops in any woman receiving such drugs. the medication should be discontinued. Steroid hormones 
may be poorly metabolized in patents with impaired liver function. 4 FLUID RETENTION. Oral contracep- 
lives may Cause some degree of fluid retention. They should be prescribed with caution. and only with 
carefu’ monitoring. m patients with conditions which mught be aggravated by fluid retention 5 EMO- 
TIONAL DISORDERS. Women with a history of depression should be carefully observed and the drug 
discontinued if depression recurs to a serious degree. 6 CONTACT LENSES. Contact leas wearers who 
develop visual changes or changes in jens tolerance should be assessed by an ophthalmologist 7 ORUG 
INTERACTIONS. Reduced efficacy and increased sncidence of breakthrough bleeding and menstrual wreg- 
ularities Rave been associated with concomitant use of nifampin. A suniar association. though less 
marked, has been suggested with barbiturates. phenylbutazone. phenytom sodium. and possibly with 
griseofulvin, ampicillin and tetracyclines. 8 INTERACTIONS WITH LABORATORY TESTS. Certain endocrine 
and hver function tests and blood components may be affected by oral contraceptives a increased 
prothrombin and factors VH, VHI IX. and X, decreased antithrombin 3. increased norepinephnne-induced 
platelet aggregability b. increased thyroid binding globulin {TBG} leading to increased circulating total 
thyroid hormone. as measured by protein-bound iodine (PBI) 14 by column or by radia immunoassay Free 
F3 resin uptake is decreased. reflecting the elevated TBG. free T4 concentration is unaltered e Other 
binding protens may be elevated in serum. d. Sex-binding globulins are increased and result in elevated 
levels of total crculating sex steroids and corticords: however, free or biologically active levels remain 
unchanged. e Triglycertdes may be mereased. t Glucose tolerance may be decreased g. Serum folate levels 
may be depressed by oral contraceptive therapy This may be of climeal significance Ha woman becomes 
pregnant shortly after discontinuing oral contraceptives. 9 CARCINOGENESIS. See WARNINGS section. 
10. PREGNANCY. Pregnancy Category X. See CONTRAINDICATIONS and WARNINGS sections. 11 NURSING 
MOTHERS. Smati amounts of oral contraceptive steroids have been identified in the mik of nursing 
mothers and a few adverse effects on the child have been reported, including jaundice and breast enlarge- 
ment. in addition. oral contraceptives given in the postpartum period may interfere with lactation by 
decreasing the quantity and quality of breast mitk. if possible, the nursing mother should be advised not to 
use Oral Contraceptives but to use other forms of contraception until she has completely weaned her chdd. 
INFORMATION FOR THE PATIENT: See Patient Package insert. ADVERSE REACTIONS: As increased nisk 
of the following serious adverse reactions has been associated with the use of oral contraceptives {see 
WARNINGS section} Thrombophiebitis and venous thrombosis with or without embolism Artenal wom- 
boembalism. Pulmonary embolism. Myocardial infarction. Cerebral hemorrhage. Cerebral thrombosis, 
Hypertension. Gallbladder disease. Hepatic adenomas or benign liver tumors. The following adverse reac- 
tions Nave been reported in patients receiving oral contraceptives and are believed to be drug-related: 
Nausea. Vomiting. Gastrointestinal symptoms {such as abdominal cramps and bloating} Breakthrough 
bleeding. Spotting. Change in menstrual flow. Amenorrhea. Temporary infertility after discontinuation of 
treatment. Edema. Melasma which may persist. Breast changes: tenderness. enlargement. secretion. 
Change in weight increase or decrease). Change in cervical erosion and secretion. Dumimution in lactation 
when given immediately postpartum. Cholestatic jaundice. Migraine Rash (allergic) Metal depression. 
Reduced tolerance to carbohydrates. Vaginal candidiasis. Change in corneal curvature (steepening). intoler- 
ance to contact lenses. The following adverse reactions have been reported in users of oral contraceptives 
and the association has been neither confirmed nos refuted: Pre-menstrua! syndrome Cataracts. Changes 
in appetite. Cystitis-iike syndrome. Headache. Nervousness. Dizziness. Hirsutism. Loss of scaip har. Ery- 
thema multiforme. Erythema nodosum. Hemorrhagic eruption. Vaginitis. Porphyna. Impaired renal tunc- 
tion. Hemolytic uremic syndrome. Acne. Changes in libido. Colitis. OVERDOSAGE: Serous ii effects have 
not been reported following acute ingestion of large doses of oral contraceptives by young chidren. 
Overdosage may cause nausea and withdrawal bleeding may occur in females, ORTHO 
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tSerious as well as minor side effects 
have been reported with the use of oral 
contraceptives. The physician should 
rergain alert to the earliest manifestations 
of any symptoms of sérious disease 
and diScontinue oral contraceptive 

_ therapy when appropriate 


- Please see brief summary of complete 


Prescribing Information on the preceding page. 
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Low-mpact norethindrone 


No significant change 
in mean values 
fortotal cholesterol 


HDL, and LDL 


21-and 28-day regimens 


ORTHO-NOVUM 77 


norethindrone/ethinyl estradiol 
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Even at 
midcycle, 
she wears 
white with 
confidence 





TRI - NORINYL 


® 
(NORETHINDRONE AND ETHINYL ESTRADIOL) TABLETS 


Extra midcycle progestin 
to reduce midcycle 


breakthrough bleeding 


Only Tri- Norinyl provides a full 1 mg 
of progestin at the midcycle (days 
8-16) when clinical data indicate that 
breakthrough bleeding and spotting 
are most likely to occur! 


To help control midcycle break- 
through bleeding: make the midpoint 
of the cycle the high point of protection. 


|. Data available from Syntex Laboratories, Inc., document 
#TN 82325. ` 


Serious as well as minor side effects have been reported following 
the use of all oral contraceptives. These include thromboembolic 
disease. Before prescribing Tri-Norinyl, please see brief 
summary of prescribing information on following page. 


© 1988 Syntex Laboratories, Inc. 
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TABLETS 


rovera 


medroxyorogesterone acetate 


WARNING 

THE USE OF PROGESTATIONAL AGENTS DURING THE FIRST 
FOUR MONTHS OF PREGNANCY IS NOT RECOMMENDED. 

Progestational agents have been used beginning with the first 
trimester of pregnancy in an attempt to prevent habitual abortion or 
treat threatened abortion. There is no adequate evidence that such 
use is effective and there is evidence of potential harm to the fetus 
when such drugs are given during the first four months of pregnancy. 
Furthermore, in the vast majority of women, the cause of abortion is 
a defective ovum, which progestational agents could not be expected 
to influence. In addition, the use of progestational agents, with their 
uterine-relaxant properties, in patients with fertilized defective ova may 
cause a delay in spontaneous abortion. Therefore, the use of such 
drugs during the first four months of pregnancy is not recommended. 

Several reports suggest an association between intrauterine expo- 
sure to female sex hormones and congenital anomalies including 
congenital heart defects and limb reduction defects. One study esti- 
mated a 4.7-fold increased risk of limb reduction defects in infants 
exposed in utero to sex hormones (oral contraceptives, hormone with- 
drawal tests for pregnancy, or attempted treatment for threatened 
abortion). Some of these exposures were very short and involved 
only a few days of treatment. The data suggest that the risk of limb 
reduction defects in exposed fetuses is somewhat less than 1 in 1,000. 

lf the patient is exposed to PROVERA Tablets (medroxyproges- 
terone acetate) during the first four months of pregnancy or if she 
becomes pregnant while taking this drug, she should be apprised of 
the potential risks to the fetus. 





INDICATIONS: Secondary amenorrhea; abnormal uterine bleeding due to 
hormonal imbalance in the absence of organic pathology such as fibroids or 
uterine cancer. 

CONTRAINDICATIONS: Thrombophiebitis, thromboembolic disorders, cere- 
bral apoplexy or patients with a past history of these conditions, Liver dysfunc- 
_ tion or disease. Known or suspected malignancy of breast or genital organs. 
Undiagnosed vaginal bleeding. Missed abortion. Known sensitivity to medroxy- 
progesterone acetate. As a diagnostic test for pregnancy. 

WARNINGS: 1. Immediately discontinue administration should any of the 
following thrombotic disorders occur or be suspected: thrombophlebitis, cere- 
brovascular disorders, pulmonary embolism, retinal thrombosis. 2. Beagle dogs 
treated with medroxyprogesterone acetate developed mammary nodules some 
of which were malignant. Although nodules occasionally appeared in control 
animals, they were intermittent in nature; whereas the nodules in the drug 
treated animals were larger, more numerous, persistent, and there were some 
breast malignancies with metastases. Their significance with respect to humans 
has not been established. 3. Discontinue medication pending examination if 
there is sudden partial or complete loss of vision, onset of proptosis, diplopia, 
or migraine. If papilledema or retinal vascular lesions occur, withdraw medica- 
tion. 4. Detectable amounts of progestin have been identified in the milk of 
mothers receiving the drug. The effect of this on the nursing infant has not been 
determined. 5. Usage in pregnancy is not recommended (See Warning Box). 
6. Three major studies in Great Britain and one in this country have shown a 
statistically significant association between thrombophlebitis, pulmonary embo- 
lism, cerebral thrombosis and embolism and the use of oral contraceptives. It 
has been estimated that users are several times as likely to undergo thrombo- 
embolic disease without evident cause as nonusers. The American study indi- 
cated that the risk did not persist after discontinuation and it was not enhanced 
by long continued administration. 


PRECAUTIONS: A pretreatment physical exam should include special refer- 
ence to breast and pelvic organs and a Papanicolaou smear. This drug may 
cause fluid retention, therefore, observe carefully patients with conditions influ- 
enced by fluid retention such as epilepsy, migraine, asthma, and cardiac or 
renal dysfunction. In irregular bleeding per vaginam bear in mind nonfunctional 
causes and perform adequate diagnostic measures. Advise pathologist of 
therapy when submitting relevant specimens. Carefully observe patients with 
history of psychic depression and discontinue drug if serious depression 
recurs. Any possible influence of prolonged therapy on pituitary, ovarian, adrenal, 
hepatic, or uterine function awaits further study. Decreased glucose tolerance 
has been observed in a small percentage of patients on estrogen-progestin 
combinations, therefore, carefully observe diabetic patients receiving progestin 
therapy. Age constitutes no absolute limiting factor, although onset of climacteric 
may be masked. Because of the occasional occurrence of thrombotic disorders 
(thrombophiebitis, pulmonary embolism, retinal thrombosis, and cerebrovas- 
cular disorders) in patients taking estrogen-progestin combinations and since 
the mechanism is obscure, the physician should be alert to the earliest mani- 
festation of these disorders. (See Patient Information for complete prescribing 
information.) 


ADVERSE REACTIONS: Pregnancy: (See Warning Box): Breast: rare 
reports of breast tenderness or galactorrhea; Skin: sensitivity reactions includ- 
ing pruritus, urticaria, edema and generalized rash; acne, alopecia and hirsut- 
ism in a few patients; Thromboembolic Phenomena including thrombo- 
phiebitis and pulmonary embolism. 

The following adverse reactions have been observed in women taking 
progestins including medroxyprogesterone acetate: breakthrough bleeding; 
spotting; change in menstrual flow; amenorrhea; edema; change in weight; 
changes in cervical erosion and secretions; cholestatic jaundice; rash (allergic) 
with and without pruritus; mental depression; anaphylaxis and anaphylactoid 
reactions; pyrexia; insomnia; nausea and somnolence. 

A statistically significant association has been demonstrated between use of 
estrogen-progestin combination drugs and the serious adverse reactions of 
thrombophlebitis, pulmonary embolism and cerebral thrombosis and embo- 
lism. Therefore, patients on progestin therapy should be carefully observed. 

Although available evidence is suggestive, a relationship has been neither 
confirmed nor refuted for the association of the serious adverse reaction of 
neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis. 

The following adverse reactions have been observed in patients receiving 
estrogen-progestin combination drugs: rise in blood pressure in susceptible 
individuals; premenstrual-like syndrome; changes in libido; changes in appe- 
tite; cystitis-like syndrome; headache; nervousness; dizziness; fatigue; back- 
ache; hirsutism; loss of scalp hair; erythema multiforme; erythema nodosum; 
hemorrhagic eruption; and itching. Therefore, observe patients on progestin 
therapy carefully. 

The following laboratory results may be altered by the use of estrogen- 
progestin combination drugs: increased sulfobromophthalein retention and 
other hepatic function tests; coagulation tests (increase in prothrombin factors 
Vil, Vill, IX and X); metyrapone test; pregnanediol determination; thyroid function 
tests (increase in PBI, and butanol extractable protein bound iodine and de- 
crease in T° uptake values). 


Caution: Federal law prohibits dispensing without prescription. 
For additional product information, see your Upjohn Representative. 
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CLINICAL SECTION 
® Clinical Opinion 
intrapartum fetal heart rate patterns in pregnancies complicated by 283 
hypertension 
Sven Montan, MD, and Ingemar Ingemarsson, MD, PhD 
Lund, Sweden 
Various types of hypertension were associated with increased relative risks of ominous 
intrapartum FHR patterns when compared with normotensive deliveries and matched control 
groups. 
Fetal organ and xenograft transplantation 288 


Arie Drugan, MD, Wendy J. Evans, MPH, and Mark I. Evans, MD 
Detroit, Michigan 


Organ transplantation from anencephalic fetuses and neonates should be scientifically and 
ethically acceptable; xenograft organs may provide a temporary solution in extraordinary 
circumstances. 
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Philips. The 
no-compromise 
solution 
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Crafted for Confidence 


Meeting the special requirements of the 
obstetrician/gynecologist, Philips, a pioneer in 
endosonography, has developed the perfect 
combination for your diagnostic needs—the 
convenient, affordable Philips Orion and the 
unique Philips Endovaginal Transducer. 

Available in either 5.0 MHz or 7.5 MHz 
frequencies, the Philips Endovaginal 
Transducer provides a close, sharp look at 
pelvic anatomy while maximizing the comfort 
of your patients—no full bladder required. 

The Orion compliments its endovaginal 
capability with a full line of thoughtfully 
designed probes, including a 10 MHz small 
parts probe for breast evaluation and annular 
and linear phased arrays for a wide variety of 
applications. 

And the Orion is more than just a scanning 








machine. Orion provides a choice of joystick o 
lightpen for quick, simple measurements 
Easily accessible software, including ree 
length, distance, circumference, volume ané 
area calculations, turns tedious computation 
into quick answers, while built-in use 
programmability allows you to Customize 
Orion's tables for any conditions. 

Orion—convenient, affordable, anc 
versatile—the new mid-range ob/ayn systen 
from Philips. Contact your nearest Philip: 
representative for details 


Philips Ultrasound International 
2722 South Fairview Street 
Santa Ana, California 92704 
United States 

(714) 556-7608 


PHILIPS 
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W Clinical Articles 


Association of episiotomy and delivery position with deep perineal 294 
laceration during spontaneous delivery in nulliparous women 
Lynn Borgatta, MD, MPH, Susan L. Piening, CNM, and Wayne R. Cohen, MD 


Bronx, New York 


Use of episiotomy and stirrups can predispose nulliparous women to perineal trauma during 
spontaneous delivery. 


Evaluation of the new Amniostat-FLM test for the detection of 298 
phosphatidylglycerol in contaminated fluids 

Craig V. Towers, MD, and Thomas J. Garite, MD 

Long Beach, California 


Simplicity, reliability, and availability combine to make the ultrasensitive Amniostat-FM kit an 
excellent test for the detection of phosphatidylglycerol. 


Molecular diagnosis of genital human papillomavirus infection: 304 
Comparison of two methods used to collect exfoliated cervical cells 

Sten H. Vermund, MD, MSc, Mark H. Schiffman, MD, MPH, Gary L. Goldberg, MD, 

Diane B. Ritter, MD, Andre Weltman, BA, and Robert D. Burk, MD 

Bronx, New York, and Bethesda, Maryland 


The cervicovaginal lavage method of cell collection is more sensitive than the use of an 
exocervical spatula scrape and an endocervical swab to detect human papillomavirus. 


Gentamicin dosing in postpartum women with endometritis 309 
Gerald G. Briggs, BPharm, Peter Ambrose, PharmD, and Michael P. Nageotte, MD 
Long Beach and San Francisco, California 


Otherwise healthy obstetric patients receiving gentamicin for treatment of puerperal endometri- 
tis do not require routine monitoring of serum gentamicin levels. 


Format of an obstetrics and gynecology journal club and four year’s 313 
experience 


Gary R. Thurnau, MD, and John I. Fishburne, Jr., MD 
Oklahoma City, Oklahoma 


Journal clubs with clear objectives offer the optimal opportunity to learn an approach to critical 
reading of medical reports and to understand experimental design. 


Antibody to endotoxin is associated with decreased frequency of 317 
postoperative infection 


F. K. Gould, MRCPath, J. A. Harvey, MRACOG, and J. K. Dytrych, FIMLS 
Newscastle upon Tyne, England 


There is a significant association between postoperative infection and the absence of preexisting 
antibodies to endotoxin in 86 women who underwent gynecologic surgical procedures. 


(Contents continued on page 11A) 
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_ SPECTRA 400. PECTRA 400.. 
a new concept in OB 





Increases personnel 





Enhances decision- Improves quality 
ili of patient care efficiency 
Immediate access to comprehensive With the extended surveillance and 
j alert capability of the SPECTRA 400 
system, displays may be located at the 
central nurses’ station, at bedside and 
other locations. This allows ready 


making capability 
patient information — including 
12 minutes of continuous trend data 
access to data from each monitored 


Only the SPECTRA 400 display 
system acquires fetal and maternal 
HR and UA data from up to 20 ] 
bedside monitors, analyzes all data as well as details of the trend 
for normal and abnormal features, analyses — allows staff the flexibility 
and alerts the staff of critical of attending to the needs of one 
conditions on all displays— patient while closely following the patient and permits staff to focus 
it. This ti status of others attention on the most pressing 
Reduces liab ility risks situations. Thus, the system helps 
reduce the stress often associated with 
multiple-patient responsibility and 
helps increase the efficiency of the 


throughout the OB unit. This timely, 
accurate and accessible information 
provides reassurance of normal . : 
conditions and enables earlier, more M i Š A pap wel a us h 
informed decisions when abnormal 5 ee eee aar 
canditions arise. critical conditions receive prompt entire staff 
attention — resulting in improved 
patient care and a greater peace of 
mind for both patient and hospital staff 





“Central Systems” 





Unique inter-room surveillance 
and alert capability 








Links to physician’s 


office 
Corometrics new Spectra-Tel™ Tele- 
communications and Display System 
allows the physician in the office or 
home to conveniently access and 
immediately review all data from the 
SPECTRA 400 system--stored fetal 
monitoring information as well as real 
time data. 


A more cost-effective 


system 
Modular in design, the SPECTRA 400 
is available as a basic system (4-bed 
capacity) which can be easily expanded 
as needs require to accommodate up to 
20 beds. The system is also designed 
to accept numerous future capabilities. 


Invaluable 
telecommunications 





LL TTL 





S 7 : RA : : 
EXTENDED SURVEILLANCE AND ALERT SYSTEM 


For further information or a demonstration, call 
TOLL-FREE: 1-800-243-3952 
In Connecticut: 265-5637 
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® COROMETRICS MEDICAL SYSTEMS, INC. 


61 Barnes Park Road North 
Wallingford, Connecticut 06492 
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New 2nd Edition! 
PRACTICE MANUAL FOR 
MICROVASCULAR SURGERY 


SUQCESS 





By Robert D. Acland, M.D. 

The second edition of this popular spiral bound manual 
provides you with the basic skills you need to perform micro- 
vascular surgery — one of the hottest techniques in all surgical 
specialties. Its clinical “how-to” format makes it ideal for both 
residents or surgeons wishing to improve their techniques! 

è all new chapters on One-Way-Up Anastomosis, Continuous 
End-to-End Anastomosis 
| è over 100 descriptive illustrations — all but one NEW to this 
f edition — highlight the informative text 
è outstanding coverage of preliminary suturing exercises, tying 
Starts \ LY) ith of knots, rat anesthesia, arterial anastomosis, and much more 
e features a helpful “how-to” approach on such subjects as 
selection and use of instruments, microscopes, and sutures 


® 
Serophene 1989. Approx. 158 pages, 162 illustrations. (00006) About $24.95 
| (U.S.); $32.50 (Can.) 
Save time, call FREE: 
: . 800-221-7700, ext. 15A. LI Mosby 
li clomiphene Un ale Our ordering hotline is open 24 hours a day, 

7 days a week. In Canada, call collect: 416-298-2465. 

tablets, USP) 50 mg FLR-310:031 











YES! Please send me FREE for 30 days —— copies of 
Acland's PRACTICE MANUAL FOR MICROVASCULAR 
SURGERY, 2nd edition (00006) at about $24.95 (US.); 
$32.50 (Can.) 

CO Payment enclosed O MasterCard O VISA 

GIE s ŘĖ — Exp. date 

Signature 
O Bill me plus shipping 
Please print or type. 





Name 


Address 


City = eS -e 
Bus. phone ( )- - OO = m 
To properly process purchase orders and for more personal service, mail this coupon to: Dennis 
Carson, The CV. Mosby Company, 11830 Westline Industrial Dr, St. Louis, MO 63146. 30 day 


approval good in U.S. and Canada. PRICES SLIGHTLY HIGHER OUTSIDE U.S. Outside U.S. and 
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Cyst of the fetal choroid plexus: A normal variant? 319 
Beryl R. Benacerraf, MD, and Lane A. Laboda, RDMS 
Boston, Massachusetts 


Thirty-eight fetuses with choroid plexus cysts, between 16 and 28 weeks’ gestation, had no 
evidence of aneuploidy or anomalies at birth. 


Fetal control of maternal prolactin production and bioactivity in utero 322 
John A. McCosen, PhD 
Winnipeg, Manitoba, Canada 


Fetal gender-associated differences in human amniotic fluid prolactin concentrations and relative 
bioactivities indicate the fetus influences maternal uterine prolactin production during normal 
pregnancy. 


Child sexual abuse—Genital tract findings in prepubertal girls. 328 
|. The unaided medical examination 


David Muram, MD 
Memphis, Tennessee 


It was possible to observe abnormal genital findings suggestive of sexual abuse in about one half 
of the patients evaluated; one third of the patients had normal appearing genitalia. 


Child sexual abuse—Genital tract findings in prepubertal girls. 333 
ll. Comparison of colposcopic and unaided examinations 


David Muram, MD, and Sherman Elias, MD 
Memphis, Tennessee 


Colposcopy does not substantially enhance the accuracy of the detection of signs of sexual abuse; 
unaided examination is adequate to evaluate most victims of sexual abuse. 


An evaluation of red blood cell heterogeneity (increased red blood cell 336 
distribution width) in iron deficiency of pregnancy 

Pamela T. Osborne, MD, Luther L. Burkett, MD, George M. Ryan, Jr., MD, and 

Marlene Lane, MT(ASCP) 

Memphis, Tennessee 


A new anemia classification that uses both mean corpuscular volume and quantitative 
anisocytosis were found to have little utility in the severely iron-depleted pregnant population. 


Occult human papillomavirus infection of the uterine cervix in 340 
postmenopausal women 
Gerard J. Nuovo, MD, Steven Cottral, and Ralph M. Richart, MD 


New York, New York 


The rate of occult human papillomavirus infection of the cervix is similar over a wide range of 
ages including postmenopausal women. 
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Laser Compatible, Accessories—ready to use, 
priced right! All optics multi-coated. 
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ZMS-501 SYSTEM 


PHOTO COLPOSCOPE BODY with integrated 
beam splitter, magnification changer in 3 steps, 
laser compatible, swing-in green filter for red- 

free viewing, dovetail for attachment of 
illumination accessories, and built-in 

FC coaxial illumination system 
Objective {=300mm 

T-bar guidance handle 
with camera release 
inclined binocular 
€ tube {=160 with 2 per- 
manently attached high- 
eyepoint eyepieces 19 x 
and Lape | — 


with ‘ieauian arm 
2m Sa Tag eS er o Colposcope 
FC fiber optic light pond 1.5m 
Power Arm with built-in rheostat- 


controlled power supply 140VA 
Caster Assembly 





ZMS-502 SYSTEM 


COLPOSCOPE BODY 99 
with magnification changer 
in 3 steps, single guidance 
handle, and single suspen- 
sion arm w/integrated fiber optic light 
guide for coaxial illumination system 
inclined binocular tube f=160 with 
2 permanently attached high-eyepoint eyepieces 19 x 

Objective {= 300mm 
FLOORSTAND with Power Arm and built-in rheostat- 
controlled power supply 140VA 
Green filter assembly for Power Arm 
Caster Assembly 
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For the full story on these and other 
available systems, contact your 
Zeiss dealer. For the name of your 
nearest dealer, call (800) 522-5204. 
In New York, call (914) 681-7768. 


Carl Zeiss, Inc. A HAAS 


One Zeiss Drive 


Thornwood, NY 10594 
914 . 747 -1800 WestGermany 
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Expression of the ras oncogene in gynecologic tumors 344 
Timothy J. O’Brien, PhD, Gary A. Bannon, PhD, David S. Bard, MD, 

James W. Hardin, PhD, and J. Gerald Quirk, Jr., MD, PhD 

Little Rock, Arkansas 


RNA dot blot analysis and Western blot analysis demonstrate the expression of the ras oncogene 
in several variations of gynecologic malignancies. 


Association of human immunodeficiency virus-induced 352 
immunosuppression with human papillomavirus infection and cervical 

intraepithelial neoplasia 

Michelle J. Henry, BS, Michael W. Stanley, MD, Stephen Cruikshank, MD, and 

Linda Carson, MD 

Minneapolis, Minnesota 


On the basis of our review of four HIV-positive women, we suggest that this group may be at 
increased risk of human papillomavirus infection and cervical intraepithelial neoplasia. 


CA 125 levels in patients with ovarian carcinoma undergoing autologous 354 
bone marrow transplantation 

Niculae Ciobanu, MD, Carolyn D. Runowicz, MD, Peter H. Wiernik, MD, 

Timothy Strauman, PhD, Carol Sheridan, RN, and Robert C. Bast, Jr., MD 

Bronx, New York, and Durham, North Carolina 


CA 125 level should be measured after bone marrow transplantation for ovarian carcinoma 
because its decrease may represent biologic response in nonevaluable or stable disease. 


Change of immunoglobulin G antibody levels to Toxoplasma gondii 356 
during pregnancy in an obstetric population 


Eiji Konishi, PhD 

Kobe, Japan 

Paired sera obtained from 393 pregnant women during the first trimester and from the umbilical 
cords at birth showed various changes in antibody levels. 


A novel approach for monitoring the endometrial cycle and detecting 357 
ovulation. 

Mourad W. Seif, MD, John D. Aplin, PhD, Lynn J. Foden, MSc, and 

V. R. Tindall, MD, MSc 

Manchester, England 


A semiquantitative immunohistochemical approach is used to evaluate endometrial responses 
and to detect ovulation. 


(Contents continued on page 15A) 
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Congenital hereditary fructose intolerance and pregnancy 362 
Frances Marks, MD, Steven Ordorica, MD, Iffath Hoskins, MD, and Bruce K. Young, MD 
New York, New York 


A case report is presented of obstetric management involved with hereditary fructose intolerance 
that demonstrates good outcome without fetal distress or growth retardation. 


Obstetric outcome of patients with more than one previous cesarean 364 
section 
Jeanne Novas, MD, Stephen A. Myers, DO, and Norbert Gleicher, MD 


Chicago, Illinois 


Safe trial of labor in patients with more than one previous cesarean section, including nine women 
with three or more, suggests more widespread use of such an approach should occur. 


Successful pregnancy after cardiac transplantation 367 
Thomas C. Key, MD, Robert Resnik, MD, Howard C. Dittrich, MD, and 

Laurence S. Reisner, MD 

San Diego, California 


A single case report is presented of a successful pregnancy after cardiac transplantation, and 
pregnancy management and risks are discussed. 


Human fetal ductal flow velocity waveforms relative to behavioral states 371 
in normal term pregnancy 

Karin van der Mooren, MD, Jim van Eyck, MD, PhD, and Jury W. Wladimiroff, MD, PhD 

Rotterdam, The Netherlands 


Blood flow in the fetal ductus arteriosus demonstrates a significant reduction during behavioral 
state 2F (active sleep) compared with behavioral state 1F (quiet sleep). 


A comparative study of fetal umbilical velocimetry with continuous- and 375 
pulsed-wave Doppler ultrasonography in high-risk pregnancies: 

Relationship to outcome 

Harbinder S. Brar, MD, Arnold L. Medearis, MD, Greggory R. DeVore, MD, and 

Lawrence D. Platt, MD 


Los Angeles, California 


Continuous-wave and pulsed-wave umbilical velocimetry produce similar mean systolic/diastolic 
ratios and abnormal ratios predict poor pregnancy outcome with the same accuracy. 


The effect of maternal position on uterine artery flow during antepartum 379 
fetal heart rate testing 
Frank R. Witter, MD, and Richard E. Besinger, MD 


Baltimore, Maryland 


Maternal position does not significantly affect uterine artery flow-velocity waveforms obtained 
during nonstress testing. 
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Hematocrit... Yesterday 


e Broken ‘‘crit’’ tubes may cause viral 
infections. SSS 


e The spinning centrifuge is noisy. 


e Inaccuracies may result from plasma 
trapping caused by centrifuge (f ( 


speed, timing imprecision and 
cell abnormalities. 
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\ T e Eliminates the risk of broken ‘‘crit’’ tube 


-a* e No moving parts or noise. 
WY e A test takes between 45 and 60 second 


e And why measure hematocrit when it is th 


: hemoglobin value that defines anemia? 
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And For a Limited Time 
TRY IT FREE! 


Developed and manufactured 
by HemoCue AB, Helsingborg, Sweden Call Today 
Marketing and technical Service in the USA 


provided exclusively by Medical Equipment Designs, Inc. 800 426 7256 t f] 
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Measurement error in clinical perinatal data 
J. Villar, MD, E. Kestler, MD, and G. Pareja, PhD 
Guatemala City, Guatemala, and Bethesda, Maryland 


Data are presented that show considerably large measurement error during data collection in a 
prospective perinatal study. 


Diagnosis of gestational diabetes by use of a glucose polymer 
E. Albert Reece, MD, Sandro Gabrielli, MD, Mazen Abdalla, MD, 

Theresa O’Connor, MPH, Mitzi Bargar, RN, and John C. Hobbins, MD 

New Haven, Connecticut 


A glucose polymer is found to be effective in the diagnosis of gestational diabetes. 


Blood glucose and oxygen tension levels in small-for-gestational-age 
fetuses 
D. L. Economides, MD, and K. H. Nicolaides, MD 


London, England 


Hypoglycemia and hypoxemia were demonstrated in samples obtained by cordocentesis from 
small-for-gestational-age fetuses. 


Animal model for polyhydramnios 
Debra F. Anderson, PhD, and J. Job Faber, MD, PhD 


Portland, Oregon 


Intravenous fetal infusion of angiotension I over a period of 2 weeks caused polyhydramnios. 


A prospective New Zealand study of fertility after removal of copper 
intrauterine contraceptive devices for conception and because of 
complications: A four-year study 

Jennifer C. Wilson, MB 


Auckland, New Zealand 


Results of a 4-year study show fertility is not impaired after removal of copper IUD to allow 
pregnancy or because of complications. 


Oral contraceptive use and the risk of chlamydial and gonococcal 
infections 

William C. Louv, PhD, Harland Austin, DSc, Jeffrey Perlman, MD, and 

W. James Alexander, MD 

Birmingham, Alabama 


Rates of chlamydia and gonorrhea among women who take oral contraceptives were increased by 
approximately 70% compared with nonusers. 
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Long-term oral contraceptive use does not affect trabecular bone 
density 

Tom Lloyd, PhD, James R. Buchanan, MD, Gregory R. Ursino, BS, Cathleen Myers, RN, 
Gerald Woodward, MD, PhD, and David R. Halbert, MD 


Hershey, Pennsylvania 


Long-term exposure to exogenous estrogen in oral contraceptives does not affect trabecular bone 
mass in premenopausal women. 


Ovulation induction and pregnancy with an estrogen-gonadotropin 
stimulation technique in a menopausal woman with marked hypoplastic 
ovaries 

Jerome H. Check, MD, Jeffrey S. Chase, MD, Chung H. Wu, MD, and 

Harriet G. Adelson, BS 

Philadelphia, Pennsylvania 


Pregnancy occurred after induction of six ovulatory cycles in a woman with marked hypoplastic 
ovaries by suppression of elevated gonadotropin levels to normal followed by hMG stimula- 
tion. 


Intravascular exchange and bolus transfusion in the severely 
isoimmunized fetus 

Sheila Ronkin, MD, Benjamin Chayen, MD, Ronald J. Wapner, MD, 

Anita Blocklinger, RDMS, George Davis, DO, Nancy Roberts, MD, and 
Charles H. Hux, MD 

Philadelphia, Pennsylvania 


Delivery was postponed until pulmonary maturity was achieved in eight severely sensitized 
fetuses, and no perinatal morbidity or mortality was seen. 


Management of the third stage of labor in pregnancies terminated by 
prostaglandin E, 
Donna S. Kirz, MD, and Mary K. Haag, MD 


Chicago, Illinois 


Use of the prostaglandin E, vaginal suppository for midtrimester pregnancy termination calls for 
a 30-minute limit for expectant management of the third stage of labor. 


Acute pericarditis complicated by cardiac tamponade during pregnancy 
William G. Simpson, MD, Paul D. DePriest, MD, and Wayne B. Conover, MD 
Lexington, Kentucky 


A case of acute pericarditis, complicated by pericardial effusion and cardiac tamponade, is 
described. 


Coitus, twin pregnancy, and preterm labor 
James P. Neilson, MD, and Marilyn Mutambira, SRN 
Harare, Zimbabwe 


No association could be demonstrated between coitus during the third trimester and an increased 
chance of preterm labor in 126 women with twin pregnancies. 
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Clinical significance of elevated mean arterial blood pressure in second 
trimester and threshold increase in systolic or diastolic blood pressure 
during third trimester 

Marco A. Villar L., MD, and Baha M. Sibai, MD 


Memphis, Tennessee 


A second-trimester mean arterial blood pressure of =90 mm Hg and a threshold increase in 
systolic and diastolic blood pressures during pregnancy are not predictive of preeclampsia. 


Factors influencing hemostasis after umbilical vein puncture in vitro 
Judith A. Ney, MD, Susan C. Fee, MD, Sharon L. Dooley, MD, Michael L. Socol, MD, and 
John Minogue, DMin. 

Chicago, Illinois 


An in vitro model suggests that amniotic fluid, but not the quantity of Wharton’s jelly, enhances 
clot formation at umbilical vein puncture sites. 


Amnionitis and life-threatening respiratory distress after percutaneous 
umbilical blood sampling 

Isabelle Wilkins, MD, Gail Mezrow, MD, Lauren Lynch, MD, Edward J. Bottone, PhD, and 
Richard L. Berkowitz, MD 

New York, New York 


A case is reported of life-threatening adult respiratory distress syndrome associated with 
amnionitis as a complication of percutaneous umbilical blood sampling. 


Amniotic fluid erythropoietin predicts fetal distress in Rh-immunized 
pregnancies 

Petri E. J. Voutilainen, MD, John A. Widness, MD, Gisela K. Clemons, PhD, 

Robert Schwartz, MD, and Kari A. Teramo, MD 

Helsinki, Finland, Providence, Rhode Island, and Berkeley, California 


Increasing levels of amniotic fluid erythropoietin reliably predicted severe fetal distress at birth in 
Rh-immunized pregnancies. 


Angiographic embolization of intractable puerperal hematomas 

Homer G. Chin, MD, David R. Scott, MD, Robert Resnik, MD, Gary B. Davis, MD, and 
Alan L. Lurie, MD 

San Diego, California 


Selective angiographic arterial embolization should be considered in the treatment of patients 
with intractable puerperal hematomas in whom conventional therapy has failed. 


Prednisone does not prevent recurrent fetal death in women with 
antiphospholipid antibody 

Michael D. Lockshin, MD, Maurice L. Druzin, MD, and Tasneem Qamar, MA 
New York, New York 


Prednisone does not improve, and may worsen, current fetal outcome in women with antiphos- 
pholipid antibody and prior fetal death. 
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Radioimmunoassay of free @-subunit of human chorionic gonadotropin in 444 
diagnosis of high-risk and low-risk gestational trophoblastic disease 


M. B. Khazaeli, PhD, E. S. Buchina, PhD, R. A. Pattillo, MD, S.-J. Soong, PhD, and 
K. D. Hatch, MD 
Birmingham, Alabama, and Milwaukee, Wisconsin 


The free -subunit of hCG, quantitated by monoclonal antibody 1E5, identifies patients with 
high-risk gestational trophoblastic disease much earlier and also concomitant with pregnancy. 


Ectopic -human chorionic gonadotropin production by a dermoid cyst 449 
Gabrielle P. Downey, MB, BS, Mark Prentice, MB, BS, Leonie K. Penna, MB, BS, 

Ronan P. Gleeson, MB, BS, and Murdoch G. Elder, MD 

London, England 


A benign cystic teratoma of the ovary is a source of ectopic 8—human chorionic gonadotropin 
production. 


Unsuccessful Burch retropubic urethropexy: A case-controlled 452 
urodynamic study 

Larry W. Bowen, MD, Peter K. Sand, MD, Donald R. Ostergard, MD, and 

Charles E. Franti, PhD 

Long Beach and Davis, California 


Discovery of a compromised intrinsic urethral sphincteric mechanism (resting closure pressure 
=20 cm H,O) preoperatively suggests a greatly increased risk of unsuccessful Burch retropubic 
urethropexy. 


Transvaginal salpingocentesis: A new technique for treating ectopic 459 
pregnancy 

Ilan Timor-Tritsch, MD, Laxmi Baxi, MD, and David B. Peisner, MD 

New York, New York 


A transvaginal sonography-guided puncture procedure, injecting potassium chloride into the 
tubal gestation, is described as an adjunct for treating live tubal gestations. 


Prematurity, postdates, and growth retardation: The influence of use of 462 
ultrasonography on reported gestational age 

Robert L. Goldenberg, MD, Richard O. Davis, MD, Gary R. Cutter, PhD, 

Howard J. Hoffman, MA, Cynthia G. Brumfield, MD, and Judith M. Foster, MPH 

Birmingham, Alabama, and Bethesda, Maryland 


Changes in utilization of ultrasonography had a profound effect on the reported gestational age 
distribution and rate of intrauterine growth retardation at our institution. 
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Intravenous clonidine hydrochloride toxicity in pregnant ewes 471 
James C. Eisenach, MD, Maria I. Castro, PhD, David M. Dewan, MD, James C. Rose, PhD, 

and Stephen C. Grice, MD 

Winston-Salem, North Carolina 





Clonidine administered intravenously decreased uterine blood flow and produced maternal and 
fetal hypoxemia and bradycardia in pregnant ewes. 


hypertensive rats 
Sylvain Chemtob, MD, William Potvin, BSc, and Daya R. Varma, MD, PhD 
Montreal, Quebec, Canada 


Selective increase in placental blood flow by atrial natriuretic peptide in 477 | 
| 
{ 


Bolus injections of synthetic rat atrial natriuretic peptide into anesthetized normotensive and 
hypertensive rats significantly increased placental blood flow and decreased mean arterial 
pressure. ] 


Labetalol does not decrease placental perfusion in the hypertensive 480 
term-pregnant rat 
R. A. Ahokas, PhD, W. C. Mabie, MD, B. M. Sibai, MD, and G. D. Anderson, MD 


Memphis, Tennessee 


Labetalol lowered maternal blood pressure by its 8-adrengergic-blocking activity without 
significantly changing placental blood flow in the hypertensive pregnant rat. 


Neodymium:yttrium-aluminum-garnet laser occlusion of rhesus placental 485 
vasculature via fetoscopy 

Julian E. DeLia, MD, Mark A. Cukierski, PhD, Dan K. Lundergan, BS, and 

Neil K. Kochenour, MD 

Salt Lake City, Utah, and Davis, California 


A fetoscopically delivered Nd:YAG laser successfully occluded placental vasculature in a f 
monkey model and theoretically can be used in human twin pregnancy complicated by 
transfusion syndrome. 


Effect of exogenous prostacyclin on central and uterine hemodynamics 489 
in the chronically instrumented pregnant guinea pig before and after 

indomethacin administration i 
Carl P. Weiner, MD, Michael Hdez, BA, David H. Chestnut, MD, and James Herrig, BS 


Iowa City, Iowa 


Exogenous prostacyclin reduced uterine blood flow and increased uterine resistance; these 
adverse effects were enhanced by pretreatment with indomethacin. 
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Effects of outflow pressure on fetal lymph flow 
Robert A. Brace 
La Jolla, California 


Small increases in fetal venous pressure cause large reductions in thoracic duct lymph flow rate 
and may lead to edema formation. 


Resistance of the rat embryo to elevated maternal epinephrine 
concentrations 
Susan G. Trend, BSc(Hons), and Neville W. Bruce, PhD 


Perth, Western Australia, Australia 


Epinephrine concentrations, elevated sevenfold over the first, second, or third trimester of 
pregnancy, had no effect on fertility, growth, or development of fetuses. 


Fetoplacental vascular responses to prostacyclin after 
thromboxane-induced vasoconstriction 
Valerie M. Parisi, MD, MPH, and Scott W. Walsh, PhD 


Houston, Texas 


Prostacyclin reverses thromboxane mimic-induced hypertension and renal vasoconstriction in the 
ovine fetus, but unexpectedly worsens umbilical vasoconstriction and results in significant fetal 
acidosis. 


The effect of pretreatment with magnesium sulfate on the initiation of 
seizure foci in anesthetized cats 

William L. Koontz, MD, and Kenneth H. Reid, PhD 

Louisville, Kentucky 


Pretreatment with parenteral magnesium sulfate had no effect on the ability to induce seizure 
foci in the anesthetized cats. 


Intravenous administration of d-tubocurarine and pancuronium in fetal 
lambs 

David H. Chestnut, MD, Carl P. Weiner, MD, Christine S. Thompson, and 

Geri L. McLaughlin 

lowa City, Iowa 


This study evaluated the hemodynamic effects of slow intravenous administration of d- 
tubocurarine and pancuronium in fetal lambs. 


Ontogeny of CA 125 antigen in pregnancy: Immunoradiometric 
determination in amniotic fluid and immunohistochemical localization in 
fetal membranes 

A. Barbati, PhD, M. M. Anceschi, MD, PhD, P. Alberti, PhD, G. Pomili, MD, 

G. C. Di Renzo, MD, and E. V. Cosmi, MD 


Perugia, Italy 


CA 125 is present in high concentration in amniotic fluid but not in maternal or cord blood serum 
and is detectable by immunohistochemistry in the amniotic membrane. 
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. .a Maternal Serum AFP report 
hat simplifies risk communication. 


^A Maternal Serum AFP reporting format should provide you the 

eans of communicating each patient’s risks for neural tube defects 
and Down syndrome and suggest appropriate follow-up when neces 
sary. Vivigen’s report does just that and saves valuable time. 


e Graphic representation of risk for NTDs and Down syndrome 
using density gradients 


Daily analysis resulting in 24-72 hours turn-around 


Normal and abnormal results telephoned or faxed immediately 
to referring physician 


Telephone consultation and interpretation by a Board-certified 
geneticist available at all times at no additional cost 


Laboratory approved by the College of American Pathologists 
and licensed by CLIA 





A 435 St. Michael's Drive 
Santa Fe, New Mexico 87501 
vivigen (505) 988-9744 or 1-800-VIVIGEN 


MATERNAL SERUM ALPHAFETOPROTEIN SCREENING REPORT 





Patient Identification: Data Used In Interpretation: 
Patient Name: SAMPLE, PATIENT Gestational Age: 17.0 weeks 
Date of Birth: 10/09/65 Based on LMP 

Hospital #: Lab ID #: Patient Age: 22 Weight: 128 lbs 
Referring Physician: JONES Race: White 

Vivigen #: 588010267 Number of Fetuses: 1 

Accession Date: 8/09/88 Insulin Dependent Diabetic: No 
Date Specimen Drawn: 8/05/88 Family History of NTD: No 


RESULTS: (Hybritech EIA Assay) 


Absolute Value: 45.73 ng/ml 


Relative Value: 0.49 MOM 
Normal Range: 0.40 - 2.00 MOM 





INTERPRETATION: 


NORMAL: This maternal serum AFP is NORMAL for a singleton pregnancy. A 
normal AFP rules out approximately 90% of neural tube defects and excludes 20% 
of fetuses with Down Syndrome. 


RISKS: The risks for open spina bifida and anencephaly are each approximately 
1 in 97,000. The total neural tube defect risk is approximately 1 in 
48,500. Closed or very small neural tube defects may not be detected by 
this test. 
The risk at term for Down Syndrome is approximately 1 in 602, which 
is less than the risk of a 35 year old woman. 
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OBSTETRICS/GYNECOLOGY REPORT 


The depth of texts, 
the timeliness of journals... 


OBSTETRICS/IGYNECOLOGY REPORT, a new resource that works for 
you, is a synthesis of current information on the most important 
clinical developments in the field. The REPORT makes it convenient 
for the busy practitioner to stay up to date. 

" Three issues every 12 months. 

= Each issue focuses on two main topics within the specialty: 


Vol. 1, No. 1 Infectious diseases 
Reproductive endo-fertility 


Vol. 1, No.2 Fetal monitoring 
Human papilloma virus 


Vol. 1, No.3 Breast disease 
Urinary incontinence 


= Comprehensive coverage of the selected topics, from new 
developments to cases of interest. 


= Approximately 150 pages per issue; no advertisements. 


$ Attractive, two-color format throughout. 


Our editorial board of prominent physicians is committed to offering 
you an insightful, reliable, and practical resource that truly is benefi- 
cial to clinical practice. 


OBSTETRICS/IGYNECOLOGY REPORT offers you: 
" coverage of clinical advances in the specialty 
" information on new products, equipment, and techniques 
= opinions and consultations from experts in the specialty 
® discussions of controversial issues 
= case studies 


® reviews of current literature 


No-risk guarantee for all subscribers: Give your first issue of 
the REPORT a thorough review. If you are not completely satis- 
fied, you can cancel your subscription within 30 days and 
receive a full refund! 


L YES! Please start my one-year subscription to OBSTETRICS/ 
GYNECOLOGY REPORT with: 


L] the most recent issue [O other (volume, number) 
Check applicable rate: 
CL) $52.50 US. L)$58.50 Canada and International 


Payment Method: OBR-009 
C] Check (US. funds, payable to OBSTETRICVGYNECOLOGY REPORT) 
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Some people may fell you that your new O “have to 
expect” bleeding during the first three months: might even sug- 
gest that you tell that fo your patients. Seems like self-serving advice, 
especially since there's TRIPHASIL. 

In over 70,000 cycles' with TRIPHASIL, the total incidence of break 
through pores was 4.5%.* And in the same study’ of over 4,300 
women, only 48 (1.1%) dropped out because of this problem. 


= So, the next time somebody tells you that your patients have to 
“expect breakthrough bleeding for three months, maybe you should 
M them about T PHASIL. 
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IN BRIEF: 
TRIPHASH.*—-6 brown tabiets containing 0.050 mg levonorgestrel with 0.030 mg ethiny! estradiol; § white tablets 
containing 0.075 mg levonorgestrel with 0.040 mg ethinyl estradiol; 10 fight-yellow tablets containing 0.125 mg 
levonorgestrel with 0.030 mg ethinyl estradiol (7 light-green tablets containing inert ingredients are included in the 
28-day regimen)-—Triphasic regimen. 

indications and Usage— PRIPHASIL* is indicated for the prevention of pregnancy in women who elect to use oral 
` contraceptives (OC's) as a method of contraception. 
Contraindications—OC's should not be used in women with any of the following conditions: 1. Thrombophiebitis 
or thromboembolic disorders. 2. A past history of deep-vein thrombophlebitis or thromboembolic disorders 
3. Cerebral-vascular or coronary-artery disease. 4. Known or suspected carcinoma of the breast. 5. Known or sus- 
pected estrogen-dependent neoplasia. 6. Undiagnosed abnormal genital bleeding. 7. Known or suspected pregnancy 
(see Warning No. 5). 8. Benign or malignant liver temor which developed during use of OC's or other estrogen- 
containing products. 
Warnings 


Cigaretie smoking increases the risk of serious cardiovascular side effects from oral contraceptive use. 
This risk increases with age and with heavy smoking (15 or more cigarettes per day) and is marked 
ed a yeart age. Women who use oral contraceptives should be strongly advised not 


+ 


The use of oral ell eiie is associated with increased risk of several serious conditions, including 


thromboembolism, stroke, myocardial infarction, hepatic adenoma. apc disease, hypertension. 
ee prescribing oral contraceptives should be familiar with the following information relating to 
these risks. 


1. Thromboemboli¢ Disorders and Other Vascular Problems—An increased tisk of thromboembolic and thrombotic 
disease associated with use of OC's is well established. Three principal studies in Great Britain and 3 in the U.S. 
have demonstrated increased risk of fatal and nonfatal venous thromboembolism and stroke. both hemorrhagic and 
thrombotic. These studies estimate that users of OC's are 4 to 11 times more likely than nonusers to develop these 
diseases without evident cause. 
CEREBROVASCULAR DISORDERS —in a collaborative American study of cerebrovascular disorders in women with 
and without predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users 
than nonusers and the risk of thrombotic stroke was 4 to 9.5 times greater in users than in nonusers. 
MYOCARDIAL INFARCTION (Mi}—An increased risk of MI associated with the use of OC's has been reported, 
confirming a previously suspected association. These studies. conducted in the UK, found. as expected. that the 
greater the number of underlying risk factors for coronary-artery disease (cigarette smoking. hypertension, hyper- 
- cholesterolemia, obesity, diabetes. history of pre-eclamptic toxemia) the higher the risk of developing Mi. regardiess 
of whether the patient was an OC user or not. OC’s, however, were found fo be a clear additional risk factor. in terms 
of relative risk, it has been estimated that OC users who do not smoke (smoking is considered a major predisposing 
condition to MI) are about twice as likely to have a fatal Mi as nonusers who do not smoke. OC users who are also 
smokers have about a 5-fold increased risk of fatal Ml compared to users who do not smoke, but about a 10- to 12- 
__ foid increased risk compared to nonusers who do not smoke. Furthermore, amount of smoking is also an important 
factor. in determining importance of these relative risks, however, baseline rates for various age groups must be 
given serious consideration. importance of other predisposing conditions mentioned above in determining relative 
bobo pereen risks has not as yet been quantified: quite likely the same synergistic action exists. but perhaps to a 
r extent, 
- RISK OF DOSE—in an analysis of data derived from several national adverse-reaction reporting systems, British 
investigators concluded that risk of thromboembolism, including coronary thrombosis. is directly related to dose 
` of estrogen in OC's. Preparations containing 100 mcg or more of estrogen were associated with higher risk of 
thromboembolism than those containing 50-80 mcg. Their analysis did suggest, however, that quantity of estrogen 
may not be the sole factor involved. This finding has been confirmed in the US. 
ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES—A large promi study carried out in the 
UK estimated the mortality rate per 100,000 women per year from diseases of the circulatory system for users and 
nonusers of OC's according to age, smoking habits, and duration of use. Overall excess death rate annually from 
circulatory diseases for OC users was estimated to be 20 per 100.000 (ages 15-34—5,/100.000; ages 35-44---33/ 
100,000; ages 45-49 140/100,000), risk being concentrated in older women, in those with long duration of use 
and in cigarette smokers. it was not possible, however, to examine interrelationships of age, smoking, and duration 
of use, nor to compare effects of continuous vs. intermittent use. Although the study showed a 10-foid increase 
in death due to circulatory diseases in users for 5 or more years, all these deaths occurred in women 35 or older. 
Until larger numbers of women under 35 with continuous use for 5 or more years are available, it is not possibie to 
assess magnitude of relative risk for this younger group. Available data from a variety of sources have been ana- 
lyzed to estimate risk of death associated with various methods of contraception. Estimates of risk of death for each 
method include combined risk of contraceptive method (e.g. thromboembolic and thrombotic disease in the case of 
OC's} plus risk attributable to pregnancy or abortion in event of method failure. This latter nsk varies with effective- 
- ness of method. The study concluded that mortality associated with all methods of birth contro! is low and below 
that associated with childbirth, with the exception of OC's in women over 40 who smoke. Lowest mortality is 
associated with condom or diaphragm backed up by early abortion. Risk of thromboembolic and thrombotic disease 
associated with OC's increases with age after about 30 and, for Mi. is further increased by hypertension, hypercho- 
‘festerolemia, obesity, diabetes, or history of pre-eciamptic toxemia, and especially Sa aha smoking. Physician and 
. patient should be alert to earliest manifestations of thromboembolic and thrombotic disorders (e.g... thrombophlebi- 
. fis, pulmonary embolism, cerebrovascular insufficiency. coronary occlusion, retinal thrombosis, and mesenteric 
thrombosis}. Should any of these occur or be suspected, the drug should be discontinued immediately. A 4- to 6- 
fold increased risk of postsurgery thromboembolic complications has been reported in OC users. If feasible, OC's 
_ Should be discontinued at least 4 weeks before surgery of a type associated with increased risk of thromboembolism 
or prolonged immobilization. 
_ PERSISTENCE OF RISK OF VASCULAR DISORDERS—Findings from one study in Britain involving cerebro- 
| Vascular disease and another in the U.S. concerning Mi suggest an increased risk of these conditions in users of 
. OC's persists after discontinuation of the OC's. in the British study, risk of cerebrovascular disease remained 
- elevated in former OC users for at feast 6 years after discontinuation. in the U.S. study, increased risk of Mi 
rsisted for at least 9 years in women 40 to 49 years old who had used OC's for 5 or more years. Findings in 
th studies require confirmation since they are inconsistent with other published information. 
2, Ocular Lesions—There have been reports of neuro-ocular lesions such as optic neuritis or retinal thrombosis 
_ associated with use of OC's. Discontinue OC's if there is unexplained. sudden or gradual, partial or complete loss of 
vision; onset of proptosis or diplopia: papilledema; or retinai-vascular lesions. and institute appropriate diagnostic 
and therapeutic measures. 
3. Carcinoma—Long-term continuous administration of either natural or synthetic estrogen in certain animal species 
increases frequency of carcinoma of the breast, cervix, vagina, and liver. Certain synthetic progestogens, none 
currently contained in OC's, have been noted to increase incidence of mammary nodules, benign and malignant, in 
‘dogs. in humans, 3 case-control studies have reported an increased risk of endometrial carcinoma associated with 
. prolonged use of exogenous estrogen in postmenopausal women. One publication reported on the first 21 cases 
. Submitted by physicians to a registry of cases of adenocarcinoma of the endometrium in women under 40 on OC's. 
_Of cases found in women without predisposing risk factors (e.9.. irrequiar naeng at the time OC’s were first given, 
: polycystic ovaries). nearly alt occurred in women who had used a sequential OC. These are no longer marketed. No 
. evidence has been reported suggesting increased risk of endometrial cancer in users of conventional combination or 
om OC's. Severai studies have found no increase in breast cancer in women taking OC's or estrogens. 
Qne study, however, while also noting no overall increased risk of breast cancer in women on OC's. found an excess 
` risk in subgroups of OC users with documented benign breast disease. Reduced occurrence of benign breast tumors 
in users of OC's has been well documented. in summary, there is af present no confirmed evidence from human 
_ Studies of increased risk of cancer associated with OC's. Close clinical surveillance of ail women on OC's is. never- 
-. theless, essential. in ali cases of undiagnosed persistent or recurrent abnormal vaginal bleeding. appropriate 
; amo measures shouid be taken to rule out malignancy. Women with a strong family history of breast cancer or 
with breast nodules, fibrocystic disease, or abnormal mammograms shouid be monitored with particular care if they 
blect to use OC's. 
4. Hepatic Tumors—Benign hepatic adenomas have been found to be associated with use of OC's One study 
showed that OC's with high hormonal potency were associated with higher risk than lower potency OC's. Although 
benign, hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. This has been 
reported in short-term as weil as long-term users. Two studies relate risk with duration of use of OC's, the risk 
“ being much oka after 4 or more years’ use. While hepatic adenoma is rare. it should be considered in women 
es sey ate abdominal pain and tenderness, abdominal mass or shock. A few cases of hepatocellular carcinoma 
Rave been reported in women on OC's. Relationship of these drugs to this type of malignancy is not known. 
_ 5. Use in or immediately Preceding Pregnancy, Birth Detects in Offspring, and Malignancy in Female Offspring 
Use of female sex hormones—both estrogenic and progestational agents—during early pregnancy may seriously 
damage the offspring. it has been shown that females exposed in utero to diethylstilbestro!, a nonsteroidal estrogen. 
have increased risk of developing in later life a form of vaginal or cervical cancer ordinarily extremely rare. This risk 
has been estimated to be of the order of 1 in 1,000 exposures or fess. Although there is no evidence now that OC's 
further enhance risk of developing this type of malignancy, such patients should be monitored with particular care if 
ey elec to use OC's. Furthermore, 30 to 90% of such oaoa women have been found to have epithelial changes 
of the vagina and cervix. Although these changes are histologically benign, it is not known whether this condition is 
a precursor of vaginal malignancy. Male chidren so exposed may develop abnormalities of the urogenital tract 
Although similar data are not availabie with use of other estrogens, it cannot be presumed they would not induce 
similar changes. An increased risk of congenital anomalies, including heart defects and limb defects, has been 
reported with use of sex hormones, including OC's, in pregnancy. One case-contro! study estimated a 4 7-fold 
increase in risk of limb-reduction defects in infants exposed in utero to sex hormones (OC's, harmonaj withdrawal 
tests for pregnancy, or attempted treatment for threatened abortion). Some exposures involved only a tew days. 
Data suggest that risk of limb-reduction defects in exposed fetuses is somewhat less than 1 in 1,000 five births. In 
the past, female sex hormones have been used during pregnancy in an attempt to treat threatened or habitual 
abortion. There is considerable evidence that estrogens are ineffective for these indications. and there is no evidence 
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from well-controlled studies that progestagens are effective. There is some evidence that triploidy and fossibly other 
Lad of polyploidy are increased among abortuses from women who.become pregnant soon after ceasing OC's. 
mbryos with these anomalies are virtually always aborted spontaneously. Whether there is an overall increase in 
Spontaneous abortion of pregnancies cor-ceived soon after stopping OC's is unknown. It is recommended that, for 
any patient who has missed ¢ consecutive periods, pregnancy should be ruled out before continuing OC's. If the 
patient has not adhered to the prescribed schedule, the possibility of pregnancy should be considered at time of first 
missed period, and further use of OC's should be withheld until pregnancy has been ruled out. If pregnancy is 
confirmed, the patient should be apprised of the potential risks to the fetus, and advisability of continuation of the 
pregnancy should be discussed. ft is also recommended that women who discontinue OC's with intent of becoming 
pregnant use an alternate form of contraception for a period of time before attempting to conceive. Many clinicians 
recommend 3.months., although no precise information is available on which to base this. The administration ot 
Progestogen-estrogen combinations to induce withdrawal bleeding should not be used as a test of pregnancy. 
§. Gallbladder Disease—Studies report increased risk ot surgically confirmed gallbladder disease in users of OC's 
and estrogens. in one study. increased risk appeared after 2 years’ use and doubled after 4 or 5 years’ use. In one of 
the other studies, increased risk was apparent between 6 and 12 months’ use. 
7. Carbohydrate and Lipid Metabolic Effects—Decrease in glucose tolerance has been observed in a significant 
percentage of patients on OC's. For this reason, prediabetic and diabetic patients should be carefully observed while 
on OC's. increases in triglycerides and total phospholipids have been observed in patients on OC's. Three studies 
were performed with Triphasi and no significant alterations in lipid metabolism were noted except for a slight 
increase in triglyceride levels in 1 study. Ginical significance of these findings remains to be defined. 
8. Elevated Blood Pressure— increase in tiood pressure has been reported in patients on OC's. in some women. 
hypertension may occur within a few months af beginning OC's. In the tst year af use. prevalence of women with 
hypertension is low in users and may be ro ts al than that of a comparable group of nonusers. Prevalence in users 
increases. however, with longer exposure. and in the Sth year of use is 2/2 to 3 times the reported prevalence in the 
ist year. Age is also strongly correlated with development of hypertension in OC users. Women who previously have 
had f rabah sion during pregnancy niay be more likely to develop elevation of Wood pressure on OC's. Hyperten- 
sian that develops as a result of taking OC's usually returns to normai after discontinuing the drug. 
9. Headache—Onset ot exacerbation of mugraine or development of headache of a new pattern which is recurrent, 
persistent. of severe, requires discontinuation of OC's and evaluation of the cause. 
10. Bleeding irregularities—-Breakthrough bleeding. spotting, and amenorrhea are frequent reasons for patients 
discontinuing OC's. in breakthrough bleecing, as in all cases of irregular vaginal bleeding, nonfunctional causes 
should be borne in mind. in undiagnosed persistent or recurrent abnormal bleeding trom the vagina, adequate 
diagnostic measures are indicated to rule out pregnancy of dlp deat H pathology has been excluded. time or 
change to another OC may solve the problem. Changing to an OC with a higher estrogen content. while potentially 
useful in minimizing menstrual wregularity, should be done only if necessary, since this may increase risk of 
thromboembolic disease. Women with past history of oligomenorrhea or secondary amenorrhea or young women 
without regular cycies may have a tendency to remain anovuiatory or to become amenorrheic after discontinuing 
OC's. Women with these preexisting problems should be advised of this possibility and encouraged to use other 
methods. Post-use anovulation, possibly prolonged, may also occur in women without previous irregularities. 
11. Ectopic Pregnancy—Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. 
12. Breast-feeding—OC's given in the postpartum period may interfere with lactation and decrease quantity and 
quality of breast milk. Furthermore, a smali fraction of the hormones in OC's has been identified in the milk of 
mothers on OC's; effects. if any, on the breast-fed child have not been determined. if feasible, defer OC's until infant 
has been weaned. 
Precautions—GENERAL—1. A complete medical and family history should be taken prior to initiation of OC's. 
Pretreatment and periodic physical examinations shouid include special reference to blood pressure, breasts, 
abdomen and peivic organs, including Pap smear and relevant laboratory tests. As a general rule OC's should not be 
prescribed for longer than 1 year without another physical examination and Pap smear. 
2. Under influence of estrogen-progestogen preparations, preexisting uterine isiamyomata may increase in size. 
3. Patients with history of psychic depression should be carefully observed and the drug discontinued if depression 
recurs to a serious degree. Patients becoming significantly depressed while on OC's should stop OC's and use an 
alternate method to try to determine whether the symptom is drug-related. 
4. OC's may cause some degree of fluid retention. They should be prescribed with caution, and ony with careful 
monitoring, in patients with conditions which might be aggravated by fluid retention, such as convulsive disorders. 
migraine syndrome, asthma, or cardiac or renal insufficiency. 
5. Patients with a past history of jaundice ary pregnancy have an increased risk of recurrence while on OC's. if 
jaundice develops, OC's shouid be discontinued. 
6. Rapala hormones may be poorly metabeiized in patients with impaired liver tunction and should be administered 
with caution. 
7. OC users may have disturbances in normal Dad metabolism which may result in a relative pyridoxine 
deficiency. Clinical significance is undetermined. 
8. Serum folate levels may be depressed by OC's. Since the 4 woman is predisposed to deveionment ot 
folate deficiency and incidence of folate deficiency increases with increasing gestation, it is possible that if a woman 
becomes pregnant shortly after stopping 02's, she may have a greater chance of developing folate deticiency and 
complications attributed to this deficiency. 
9. The pathologist should be advised of OC therapy when relevant specimens are submitted. 
10. Certain endocrine- and Jiver-function tests and blood components may be affected by estrogen-containing OC's. 
a. increased sulfobromophthaiein retention. 
b. increased prothrombin and factors Vil, Vill, iX, and X; decreased antithrombin 3. increased norepinephrine- 
induced platelet aggregability. 
c. increased thyroid-binding globulin (TBG} leading to increased circulating total-thyroid hormone, as measured by 
protein-bound iodine (PBI), 14 by column. sr T4 by radioimmunoassay. Free T3 resin uptake is decreased, reflecting 
the elevated TBG: free 14 concentration is unaltered. 
d. Decreased pregnanedio! excretion 
e. Reduced response fo metyrapone test 
information for the Patient—See Patient Package Labeling. 
Drug Interactions— Reduced efficacy and ir-creased incidence of breakthrough bleeding have been associated with 
concomitant use of rifampin. A similar association has been suggested with barbiturates. phenylbutazone, phenytoin 
sodium, ampicillin and tetracycline. 
Carcinogenesis—See Warnings section for information on carcinogenesis. 
Pregnancy—Category X. See Contraindications, Warnings. 
Mursing Mothers—See Warnings 
Adverse Reactions—An increased risk of these serious adverse reactions has been associated with use of OC's (see 
Warnings): thrombophlebitis, Bang ial embolism, coronary thrombosis, cerebral thrombosis, cerebral hemor- 
rhage, hypertension, ‘mo er disease, benign hepatomas, congenital anomalies. There is evidence of an asso- 
ciation between the following conditions and use of OC's although additional confirmatory studies are needed: 
mesenteric thrombosis, neuro-oculart lesions, e.g.. retinal thrombosis and optic neuritis. 
The following adverse reactions have been rsported in patients on OC's and are believed to be drug-related. Nausea 
and/or vomiting, usually the most common adverse reactions, occur in approximately 10 percent or less of patients 
during the first cycle. Other reactions, as a general rule. are seen much less frequently or only occasionally. Gastro- 
intestinal symptoms (such as abdominal cramps and bloating}. breakthrough bleeding, spotting, change in menstrual 
flow; dysmenorrhea, amenorrhea during and after treatment, temporary infertility after discontinuance of treatment, 
edema; chioasma of melasma which may persist. breast changes: tenderness. enlargement, and secretion: change in 
weight (increase or decrease); change in cervical erosion and cervical secretion: possible diminution in lactation when 
given immediately postpartum, cholestatic jaundice. migraine; increase in size of uterine leiomyomeata; rash (allergic), 
mental depression, reduced tolerance to carsohydrates; vaginal candidiasis: change in corneal curvature (steepening), 
intolerance to contact lenses. The following adverse reactions have been reported in users of OC's, and the association 
has been neither confirmed nor refuted: premenstrual-like syndrome, cataracts, changes in libido, chorea. changes in 
appetite, cystitis-like syndrome, headache, nervousness, dizziness, hirsutism, loss of scaip hair, erythema multiforme, 
erythema nodosum, hemorrhagic eruption, vaginitis, porphyria, hemolytic uremic syndrome. 
Acute Overdose—Serious il! effects have no! been reported following acute ingestion of large doses of OC's by 
young children, Overdosage may cause nausea. and withdrawal bleeding may occur in females. 
Oosage and Administration—for maximum contraceptive effectiveness, Tnphasil must be taken exactly as directed 
and at intervals not over 24 hours. {if Triphasil is first taken later than first day of first menstrual cycie of medication 
or postpartum, contraceptive reliance should not be placed on it until after the first 7 consecutive days of use. 
Possibility of ovulation and conception prior to initiation of medication should be considered} 
Any time patient misses 1 or 2 brown, white or light-yellow tablets, she should aise use another contraceptive 
method until she has taken a tablet daily for 7 consecutive days. 
For full details on dosage and administration see prescribing information in package insert. 
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A 3670-gram male infant was born at 42 weeks gestation to a 33-year-old, 

gravida 3, para 2, white female. Membranes were artificially ruptured and it 
was noted that the fluid was grossly meconium stained. As the infant’s head 
presented, the nasal and oral pharynx was suctioned. Later, the infant was 
intubated and suctioned below the cords. The cords were clear of meconium. 
Apgar score was 8 at one minute and 9 at five minutes. 50% free flow oxygen 
was given in the delivery room for three minutes. The infant was transferred 
to the nursery on room air. 


Clinical Status Monitored Variables 
Admission to nursery—In room air, color was BP 68/palpable 
pink with mild acrocyanosis. Infant was active, HR 152/min 
alert, had good muscle tone and vigorous cry. RR 58/min 

Temp 98° F 
30 minutes later—Tachypnea and tachycardia HR 172/min | 
were noted. Expiratory grunts were audible and RR 70/min 
nasal flaring was observed. Slight substernal, Temp 98.6° F 
intercostal and suprasternal retractions noted. | 
Pulse oximeter was applied. SpO,” 84% i 
5 minutes Jater—Infant placed in 40% oxygen ABG: 
via oxygen hood. Arterial blood gases obtained. PaO, 65 mmHg 

PaCO, 58 mmHg 

pH 7.23 

SaO, (Calc) 90% 
Chest x-ray indicated a right pneumothorax. SpO, 87% 
FiO, was increased to 50%. Chest tube was SpO, 94% 
placed and attached to water seal drainage. . 
1 hour later—Vital signs remained stable. BP 60/palpable | 
Grunting, retractions and nasal flaring subsided. HR 160/min | 
Chest x-ray indicated good placement of chest RR 62/min 
tube and a decrease in the right pneumothorax. Temp 98.4° F 

SpO, 99% 
Supplemental oxygen was reduced over time to SpO, 95% 


30% (in increments of 5%) with continuous 
SpO, monitoring. 


*Case Study on file at Nellcor Incorporated. **SpO, is the measurement of arterial oxygen saturation by pulse oximetry. 


Discussion 


The pulse oximeter was utilized to confirm increasing respiratory distress in this i 
infant by diagnosing hypoxemia. After treatment was initiated, continuous pulse | 
oximetry was used to facilitate respiratory management including titration of | 
oxygen support. 


Infants who are meconium stained are subject to increased risk of respiratory 
distress, even when cords are visualized and clear. Routine use of a NELLCOR® 
N-200 pulse oximeter would have provided early warning of hypoxemia and 
enhanced patient safety. 


NELLCOR 
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observations with those of others. Such comparisons and 
comments are reserved for the Comment section. 

In the Comment section state the importance and 
significance of your findings but do not repeat the details 
given in the Results section. Limit your opinions to those 
strictly indicated by the facts in your report. Compare your 
findings with those of others. No new data should be 
presented in this section. 
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case reports and brief communications (limited to 2) and in 
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author(s) must obtain written and signed permission for 
their use from the individual being quoted. This signed 
permission must accompany the manuscript when it is 
submitted to the Editor. Abstracts are not acceptable as 
numbered references. 

Illustrations and tables. Illustrations and tables should 
supplement, not duplicate, the text; presentation of data in 
either one or the other will suffice. 

A reasonable number of halftone and line illustrations 
will be reproduced without charge, but special arrange- 
ments must be made with the Editors for color illustra- 
tions at a cost of $525 per page (one side). 
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transparencies must have a color balance (consistency in 
lighting and film speed) that is acceptable to the author 
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that 35 mm transparencies are enlarged to twice their 
original size. If it is important to deviate from this 
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ted. The top, first author's last name, and figure number 
must be indicated on the front of each transparency and 
the back of each print. Consistency in size of illustrations 
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Do not use paper clips or mar the surface of prints in any 
way. 
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numerals and identified thusly on the back of the print 
(gummed label with): author(s) name(s), title of article, 
number, and top marked clearly. 

Figures will be returned only on request by the author. 

Tables should be typed on separate sheets of paper, one 
table to a page, and included at the end of the text. They 
should be numbered in Roman numerals. Each table must 
be cited in sequence at an appropriate point in the text. 
Captions should be brief yet indicate clearly the purpose or 
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defined by headings. Abbreviations and special designa- 
tions should be explained in a footnote to the table. /fa table 
or any part thereof has been taken from copyrighted 
material, a legend to the table must give full credit to the 
original source. Special arrangements must be made with 
the Editors for elaborate tables because of space limita- 
tions. 

Legends to illustrations. Legends for all figures must be 
typed double-spaced on paper separate from the text of the 
manuscript, and these pages must be numbered in 
sequence after the references. Titles should be included in 


the legend, not on the print. Original magnifications 
should be provided. Zf an illustration has been taken from 
copyrighted material, the legend must give full credit to 
the original source. 

Computer-generated illustrations. Black-and-white il- 
lustrations submitted must be legible and clearly printed 
in jet-black ink on heavy coated paper with either a glossy 
or dull finish. Any patterns or shadings must be dark 
enough for reproduction and must be distinguishable from 
each other. Lines, symbols, and letters should be both 
smooth and complete. The legend for the illustration 
should not appear on the print. On the back of each print 
the name of the first author and the figure number should 
be given and the top indicated. Original individual laser or 
plotter prints are to be submitted unmounted with the 
manuscript. Laser prints should be full size at 300 dots per 
inch (DPI) or greater full-page resolution; multiple illus- 
trations on a page cannot be accepted. Dot matrix prints 
and photographic halftones are not acceptable. Color 
illustrations are acceptable, but special arrangements 
must be made with the Editors. The colors used must be 
dark enough and of sufficient contrast for reproduction. 
With the exception of fluorescent colors, all colors can be 
reproduced in four-color illustrations. The preparation and 
submitting of color prints should follow the preceding 
guidelines for black-and-white computer-generated illus- 
trations. 

Permissions. Direct quotations, tables, or illustrations 
that have appeared in copyrighted material must be 
accompanied by written permission for their use from the 
copyright owner and original author along with complete 
information as to source. Photographs of identifiable 
persons must be accompanied by signed releases or else all 
recognizable features masked. 

Requirements for special sections 

Case reports and brief clinical and basic science commu- 
nications. Limit of 700 words, 2 references. Include 
abstract of 50 words maximum, 3 to 5 key words/phrases 
for indexing purposes, and short title. If tables and/or 
figures are used, an equivalent number of words must be 
deducted from the total (see “Estimating Length of 
Manuscript”). 

Current Investigation. Same requirements as for regular 
article. 

Clinical Opinion. Limit of 3000 words. Include abstract 
of 50 to 150 words, 3 to 5 key words/phrases, and short 
title. Submit to Dr. Zuspan. 

Current Development. Limit of 6000 words. Include 
abstract of 50 to 150 words, 3 to 5 key words/phrases, and 
short title. Submit to Dr. Zuspan. 

Correspondence. Two types of correspondence will be 
considered for publication. (1) A Letter to the Editors 
commenting on an article that has appeared in the JOUR- 
NAL should be brief and directly related to the published 
article. The editorial staff reserves the right to shorten 
letters if necessary and to make minor editorial alterations 
without reference to the writer. Letters may be published 
together with a reply from the original author. If the 
original author does not respond, a notation indicating 
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“Response declined” will be published. As space for letters 
is limited, only a selection of letters submitted may be 
published. (2) A brief case presentation or a short report of 
a pertinent observation in the form of a Letter to the 
Editors will be considered for publication. All letters 
should be typed double-spaced. The original and a good 
photocopy must be submitted. Letters should be sent to Dr. 
Zuspan. 

Announcements. Announcements of major meetings and 
other significant activities must be received at least 8 
weeks before the desired month of publication. All announ- 
cements carry a charge of $60 U.S., and the fee must 
accompany the request to publish. Information will be 
limited to title of meeting, date, place, and an address to 
obtain further information. Send announcements and pay- 
ment, payable to this JOURNAL, to Kay G. Goehler, Senior 
Manuscript Editor, Journal Editing, The C.V. Mosby 
Company, 11830 Westline Industrial Drive, St. Louis, MO 
63146-3318. 

Books. Books received will be listed in the JOURNAL. 
They should be sent to Dr. Gerbie. No books will be 
returned. 

Reprints 

Reprints of articles must be obtained from the author. 
The corresponding author will receive a price schedule and 
order form at the time of publication. Reprints in quanti- 
ties must be ordered from the publisher with the author’s 
consent. 

Business communications 

Communications of a business nature and all advertising 
communications should be addressed to: Journal Publisher, 
The C.V. Mosby Company, 11830 Westline Industrial 
Drive, St. Louis, MO 63146-3318, or call Journal Adver- 
tising Production Manager (314) 872-8370. 
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estradiol transdermal system 
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BRIEF SUMMARY OF PRESCRIBING INFORMATION. 
PLEASE SEE FULL PRESCRIBING INFORMATION. 


ESTROGENS HAVE BEEN REPORTED TO INCREASE 


supported by the finding that incidence rates of endo- 
metral cancer have increased sharply since 1969 in eight 
different areas of the United States population-based 
cancer-reporting s an increase which may be re- 
pen Oe apiciy apanda usa of aatrogens during the 


e. 

The three case control studies reported that the risk of 
endometrial cancer in estrogen users was about 4.5-13.9 
times greater than in nonusers. The risk appears to depend 
both on duration of treatment and on estrogen dose. In view 
of these findings, when estrogens are used for the treat- 
ment of eet EEA wren Cole Cutan 
control symptoms should be utilized and medication 
should be discontinued as soon as possible. When pro- 
longed treatment is medically indicated, the patient should 
be reassessed on at least a semiannual basis to determine 
the need for continued therapy. Although the evidence 
must be considered preliminary, one study suggests that 
cyclic administration of low doses of estrogen may carry 
less risk than continuous administration; it therefore ap- 
pears prudent to utilize such a regimen 
_ Close clinical surveillance of all women taking estrogens 
is important. In all cases of undiagnosed persistent or re- 
curring abnormal vaginal bleeding, adequate diagnostic 
measures should be undertaken to rule out malignancy. 

There is no evidence at present that “natural” estrogens 
are more or less hazardous than “synthetic” estrogens at 
equiestrogenic doses, 


ESTROGENS SHOULD NOT BE USED DURING 
PREGNANCY. 

The use of female sex hormones, both estrogens and 
progest s, during early pregnancy may senously dam- 
age the ring. It has been that women had 

exposed in utero to stilbestrol, a nonsteroidal 
, have an increased risk of ng in later life a 
form of vaginal or cervical cancer that is ordinarily ex- 
tremely rare. This risk has been estimated as not greater 
than 4 per 1000 exposures. Furthermore, a high percent- 
age of such exposed women (30-90%) have been found to 
have vaginal adenosis, epithelial changes of the vagina 
and cervix. Although these changes are histologically be- 
nign, it is not known whether they are precursors of malig- 
nancy. h similar data on the use of other estr S 
are not available, it cannot be presumed they would not 
induce similar , 

Several reports suggest an association between intra- 
uterine exposure to female sex hormones and ital 
anomalies, including congenital heart detects limb- 
reduction defects. One case control study estimated a 4.7- 
fold increased risk of limb-reduction defects in infants who 
had been exposed in utero to sex hormones (oral contra- 
Ceptives, hormone withdrawal tests for pregnancy, or at- 
tempted treatment for threatened abortion). of these 
exposures were very short and involved a few days of 
treatment. The data suggest that the risk of limb-reduction 
SRS N OPVO MANSE i Root lose Te 1 per 


In the past, female sex hormones have been used during 
progiioncy Da an attempt to treat threatened or habitual 
abortion. re is considerable evidence that estrogens 
are ineffective for these indications, and there is no evi- 
dence from well-controlled studies that progestogens are 
effective for these uses 

If Estraderm is used duri nancy, or if the patient 
becomes pregnant while taking this drug, she should be 
uppraog of the potential risks to the fetus and of the advis- 
ability of continuation of the pregnancy 





INDICATIONS AND USAGE 

Estraderm is indicated tor the treatment of the following: moder- 
ate-to-severe vasomotor symptoms associated with meno- 
pause; female hypogonadism; female castration, primary 
ovarian failure; and atrophic conditions caused by deficient 
endogenous estrogen production, such as atrophic vaginitis 
and kraurosis vulvae 


CONTRAINDICATIONS 
Estrogens should not be used in women or men with any of the 
conditions: 


known or suspected cancer of the breast: 

known or suspected estrogen-dependent neoplasia; 
known of suspected pregnancy (see Boxed Warning): 
undiagnosed abnormal genital bleeding; 

active thrombophlebitis or thromboembolic disorders; 
pat of thrombophlebitis, thrombosis, or thromboembolic 
associated with previous estrogen use 


2 
3 
4 
5 
6 


t 
WARNINGS 
1. Induction of Malignant Neoplasms. Long-term continuous 
administration of natural and synthetic estrogens in certain anı- 
mal species increases the frequency of carcinomas of the 
breast, cervix, vagina, and liver. There are now reports thal 
estrogens increase the risk of carcinoma of the endometrium in 
humans. (See Boxed Warning.) 

At the present time, there is no satisfactory evidence that 
estrogens given to postmenopausal women increase the risk of 
breast cancer, alt h a recent long-term follow-up of a ene 
physician's practice raised this possibility. Because of t 
animal data, there is a need for caution in prescnbing estrogens 
for women with a strong family history of breast cancer or who 
have breast nodules. fibrocystic disease, of abnormal 


mammograms. 
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contraceptives. 
3, Effects Similar to Those Caused by Estrogen-Progestogen 
Oral Contraceptives. There are several serious adverse effects 


pos women. 
a, Thromboembolic Disease. It is now well established that 
users of oral contraceptives have an increased risk of vanous 
thromboembolic and thrombotic vascular diseases, such as 
thrombophiebitis, pulmonary embolism, stroke, and myocardial 
infarction. Cases of retinal thrombosis, mesenteric thrombosis, 
and optic neuritis have been reported in oral contraceptive 
users. There is evidence that the risk of several of these adverse 
reactions is related to the dose of the drug. An increased risk of 
postsurgery thromboembolic complications has also been 
reported in users of oral contraceptives. If feasible, estrogen 
should be discontinued at least 4 weeks before surgery of the 
type associated with an increased risk of thromboembolism, or 

luring periods of prolonged immobilization 

While an increased rate of thromboembolic and thrombotic 
disease in postmenopausal users of estrogens has not been 
found, this does not rule out the possibility that such an increase 
may be present or that subgroups of women who have underly- 
ing nsk factors or who are receiving relatively large doses of 
yen pred may have increased risk. Therefore, estrogens 
should not be used in persons with active thrombophiebitis or 
thromboembolic disorders, and they should not be used in 
persons with a history of such disorders in association with 
estrogen use. They should be used with caution in patients with 
cerebral vascular or coronary artery disease and only for those 
in whom estrogens are Clearly needed. 

Large doses of estrogen (5 mg conjugated estrogens per 
day), comparable to those used to treat cancer of the prostate 
and breast, have been shown in a large propos clinical trial 
in men to increase the risk of nonfatal myocardial infarction, 
pulmonary embolism, and thrombophlebitis. When estrogen 
doses of this size are used, any of the thromboembolic and 
thrombotic adverse effects associated with oral contraceptive 
use should be considered a clear risk 
b. Hepatic Adenoma. Benign hepatic adenomas have been 
associated with the use of oral contraceptives. Alt h benign 
and rare, these tumors may rupture and cause death from intra- 
abdominal hemorrhage. h lesions have not yet been re- 
ported in association with other estrogen or progestogen 
preparations, but they should be considered if abdominal pain 
and tenderness, abdominal mass, or hypovolemic shock 
occurs in patients receiving estrogen. Hepatocellular car- 
cinoma has also been reported in women taking estrogen- 
containing oral contraceptives. The causal relationship of 
this malignancy to these drugs is not known 
c. Elevated Blood Pressure. Meervies using oral contraceptives 
sometimes experience increased blood pressure which, in 
most cases, returns to norma! upon discontinuing the drug, 
There is now a report that this may occur with use of oral estro- 
gens in the menopause and blood pressure should be moni- 
tored with estrogen use, especially if high doses are used. 
Ethinyl estradiol and Stg ap estrogens have been shown to 
increase renin substrate. In contrast to these oral estrogens, 
transdermally administered estradiol does not affect renin 
substrate 
d. Glucose Tolerance. A worsening of glucose tolerance has 
been observed in a significant percentage of patients on estro- 
gen-containing oral contraceptives. For this reason, diabetic 
patients should be carefully observed while mall estrogen 
4. rcalcemia. Administration of high doses of estrogens 
may lead to severe hypercalcemia in patients with breast 
cancer and bone metastases. If hypercalcemia occurs, use of 
the drug should be stopped and appropriate measures should 
be taken to reduce the serum calcium level 


PRECAUTIONS 
General 


1 A complete medical and family history should be taken before 
initiation of any estrogen therapy The pretreatment and penodic 
ysical examinations should include special reference to 
pressure, breasts, abdomen, and pelvic organs, as well 
as a cervical Papanicolaou test As a general rule, estrogen 
should not be prescribed for longer than 1 year without another 
physical examination being pertormed. 
2 use estrogens may cause some degree of fluid reten- 
ton, careful observation is required when conditions that might 
be influenced by this factor are present (e.g., asthma, epilepsy, 
migraine, and cardiac or renal dysfunction 
3. Certain patients may develop undesirable manifestations of 
excessive estrogenic stimulation, such as uterine bleeding. 
mastodynia, etc 
4, Prolonged administraton of unopposed estrogen therapy 
has been reported to increase the risk of endometrial hyperpla- 
sia in some patients. Estrogens should be used with caution in 
patients who have or have had endometnosis 
5. Studies of the addition of a progestin tor 7 or more days of a 
cycle of estrogen administration have reported a lowered inci- 
dence of endometrial hyperplasia. Morphological and bio- 
chemical studies of endometrium suggest that 12 to 13 days of 
propeen are needed to provide maximal maturation of the 
endometrium and to eliminate any hyperplastic changes 
Whether this will provide protection from endometrial carcinoma 
has not been clearly established There are possible additional 
risks that may be associated with the inclusion of progestin in 
estrogen replacement ie thate The potential risks include ad- 
verse effects on carbohydrate and lipid metabolism. The choice 
of progestin and dosage may be important in minimizing these 
adverse effects 
6. Oral contraceptives appear to be associated with an in- 
creased incidence of mental depression. Although it is not clear 
whether this is due to the estrogenic or progestogenic compo- 
nent of the contraceptive, patients with a history of depression 
should be carefully observed 
7 Preexisting uterine yoni may increase in size during 
prolonged estr use. If this occurs, estrogen therapy should 
be discontinued while the cause is investigated 
8. In patients with a history of jaundice during pregnancy. there 
iS an increased risk that jaundice will recur the use of 
estrogen-containing oral contraceptives. If jaundice develops in 
any patient receiving estrogen, the medication should be dis- 
continued while the cause is investigated. 
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used with caution in patients with metabolic bone 
associated with hypercalcemia and in patients with renal 
insufficiency. 


Information for Patients 

See Patient Package Insert printed below. 
Drug/Laboratory Test Interactions 

The results of certain endocrine and liver function tests may be 
affected by estrogen-containing oral contraceptives. The fol- 
See SEER EME CRON OUNEN) large doses of oral 
estrogen 


1. increased sulfobromophihalein retention; 

2 increased prothrombin time; increased factors VII, VIII, IX, 
and X. decreased antithrombin 3; increased norepineph- 
rine-induced platelet aggregability; >a 

3. increased thyroxine-binding globulin (TBG), leading to in- 
creased circulating total thyroid hormone (T4) as measured 
by column or radioimmunoassay; free Ta resin uptake is 


decreased, reflecting the elevated TBG; free Ta concentra- 
tion is unaltered; TBG was not affected i cinica trials of 
Estraderm; 


reduced response to the metyrapone test; 
. feduced serum folate concentration, r 
. increased serum triglyceride and phospholipid concentra- 
tion, and decreased pregnanedio! excretion. 
The pathologist should be informed that the patient is receiv- 
ing estrogen therapy when relevant specimens are submitted. 
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See WARNINGS and Oe We Boxed nie DRI j 
Long-term continuous administration of natural and synthetic 
in certain animal species increases the frequency of 


carcinomas of the breast, Cervix, vagina, and liver. 


Soe CONTRAINGICAT ONS and Boxed Warning. 


Estrogens should not be used during pregnancy. 
Nursing Mothers 
As a general principle, the administration of any drug to nursing 
mothers should be done only when clearly necessary since 
many drugs are excreted in human milk 


ADVERSE REACTIONS 

See WARNINGS and Boxed Warning regarding potential ad- 
verse effects on the fetus, induction of malignant neoplasms, 
increased incidence of gallbladder disease, and adverse 
effects similar to those of oral contraceptives, including 


thromboembolism. 
The most c reported adverse reaction to Estraderm 


ommeonly 

noiric nia aaa Ung red lpacn a led ons ye 
This occurred in about 17% of the women t and caused 
approximately 2% to discontinue therapy. Reports of rash have 
been rare. 

The following additional adverse reactions have been re- 
ported with estrogenic therapy, viva hel contraceptives: 

Genitourinary System: Breakthrough bleeding, spotting, 
change in menstrual flow; increase in size of uterine fi 
mata, change in cervical erosion and amount of cervical 
secretion 

Endocnne: Breast tenderness, breast enlargement. 

Gastrointestinal: Nausea, vomiting; abdominal cramps, 
bloating; cholestatic jaundice have been observed with oral 
estrogen therapy. 
ee Steepening of corneal curvature; intolerance to contact 


Ses. 
Central Nervous System: Headache, migraine, dizziness. 
Miscellaneous: Change in weight, edema, change in libido. 


HOW SUPPLIED 

Estraderm 0.05 (estradiol transdermal system) —each 10 cm2 
system contains 4 mg of estradiol USP for nominal” deliv- 

ery of 0.05 mg of estradiol per day 


Patient Pack of 8 Systems . NDC 0083-2310-08 
Carton of 6 Patient Calendar 

Packs of 8 Systems ........... , NDC 0083-2310-62 
Patient Calendar Pack of 24 systems NDC 0083-2310-24 
Carton of 3 Patient Calendar 

Packs of 24 systems NDC 0083-2310-60 


Estraderm 0.1 (estradiol transdermal system)— each 20 cm2 
system contains 8 mg of estradiol USP for nominal’ deliv- 
ono 0.1 mg of estradiol per day 

Patient Calendar Pack of 8 Systems 


.NDC 0083-2320-08 

Carton of 6 Patient Calendar 

Packs of 8 Systems . . NDC 0083-2320-62 
Patient Calendar Pack of 24 systems .NDC 0083-2320-24 
Carton of 3 Patient Calendar 

Packs of 24 oaan NDC 0083-2320-60 
*See DESCRIPTION. 
Do not store above 86°F (30°C) 


Do not store unpouched. Apply immediately upon removal from 
the protective pouch. 
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Clinical Opinion 


Intrapartum fetal heart rate patterns in pregnancies complicated 


by hypertension 


A cohort study 


Sven Montan, MD, and Ingemar Ingemarsson, MD, PhD 


Lund, Sweden 


Intrapartum fetal heart rate patterns were investigated in pregnancies complicated by hypertension in a 
cohort study. The total number of live births was 2400 and the frequency of hypertension was 8.8%. The 
study group comprised 2023 normotensive and 200 hypertensive deliveries. Dates of all pregnancies were 
established at an ultrasound examination in week 17. Ominous intrapartum fetal heart rate patterns were 
significantly more common in hypertensive deliveries than in normotensive deliveries (20.5% versus 7.6%). 
The women with hypertension were compared with a group of conirol women matched for age, parity, 
induction of labor, and gestational week (20.5% versus 6.5%). In hypertensive women ominous fetal heart 
rate tracings were frequently associated with primiparity, induced labor, epidural block, delivery of a 
growth-retarded fetus, and B,-adrenergic receptor blockers. Ominous fetal heart rate patterns were less 
common in hypertensive women without these risk factors; still the significant differences in comparison . 
with normotensive women remained. The hypertensive pregnancies accounted for no less than 21.0% of 
all ominous intrapartum fetal heart rate patterns, whereas 13% of all cases of ominous intrapartum fetal 
heart rate patterns could be attributed to the excess frequency in hypertensive pregnancies. (AM J OBSTET 


GYNECOL 1989;160 283-8.) 


Key words: Fetal heart, cardiotocography, hypertension, pregnancy, B- adrenergic receptor 


blocker 


Hypertension is the most frequent high-risk compli- 
cation in pregnancy. The clinical management of the 
condition engages many fields of modern medicine, 
and therapy remains controversial because the etiologic 
factors are obscure. 

Early detection and precautious care during preg- 
nancy and delivery are considered to be essential for a 
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successful outcome. In managing these cases electronic 
fetal heart rate (FHR) monitoring has become an im- 
portant method of fetal surveillance. Although FHR 
patterns in general have been thoroughly studied,' data 
about intrapartum FHR patterns in hypertensive preg- 
nancies are insufficient. 

The aim of this prospective investigation v was to study 
intrapartum FHR patterns in a defined population of 
women with hypertension, These women were com- 
pared ‘with their normotensive counterparts in the 
pregnant population and, in addition, with normoten- 
sive control women matched for factors associated with 
both ominous FHR patterns and hypertension (pri- 
miparity, advanced maternal age, preterm delivery, and 
induction of labor). 
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Table I. Frequency of different types of 
hypertension in 2405 singleton pregnancies 


Hypertension 
Pregnancy-induced 130 5.4 
Chronic 46 1.9 
Preeclampsia 36 1.5 
TOTAL -212 8.8 
Normotension 2193 91.2 


Patients and methods 


During 1984, the catchment area of the Department 
of Obstetrics and Gynecology, University Hospital, 
Lund, included 200,805 persons, of whom 45,670 were 
women of fertile age (15 to 44). That year, 2405 women 
in the population gave birth. From the 2405 deliveries 
we excluded 5 stillbirths at =28 completed gestational 
weeks (1 hypertensive), 26 twin pregnancies (3 hyper- 
tensive), 22 deliveries at other hospitals, 2 home deliv- 
eries, and 127 women not monitored in the first stage 
of labor (8 hypertensive); 11 normotensive and 5 hy- 
pertensive women among the 127 not monitored were 
delivered abdominally because of antepartum fetal dis- 
tress. Thus the study group comprised 2023 normo- 
tensive and 200 hypertensive women (total 2223). 

In this study, a population of pregnant women with 
hypertension was compared with normotensive coun- 
terparts. However, the latter group has a different pan- 
orama of complications and other co-working obstetric 
variables. To control these factors a comparison also 
was made with a group of matched pregnancies selected 
as follows. For each of the 200 hypertensive women 
with intrapartum FHR recording, a control woman was 
identified. The control women were matched for the 
following criteria: maternal age (+5 years), gesta- 
tional week at delivery (+1 week), induction of labor 
with oxytocin infusion, and fetal presentation (e.g., 
breech, occipitoanterior. and occipitoposterior). Small- 
for-gestational-age (SGA) infants (birth weight >2 SD 
below the mean for the general population) were not 
accepted as matched controls. 

Antenatal care. All pregnancies were registered ac- 
cording to the Swedish antenatal health care system, 
which allowed blood pressure recordings from the 
tenth to twelfth gestational week. The pregnant women 
visited the antenatal health care centers monthly up to 
week 30, and thereafter at 2 week intervals; after 35 
weeks of gestation they were examined once a week. 
At each visit blood pressure was recorded with-a mer- 
cury sphygmomanometer and appropriate cuff with 
the patient in the supine position. Korotkoff phase 5 
was used as the indication of diastolic blood pressure. 
Hypertension was diagnosed when resting blood pres- 
sure was =140 mm Hg systolic or =90 mm Hg diastolic 
on at least two occasions, #6 hours apart. 
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To obtain a uniform dating of pregnancy, biparietal 
diameter of the fetus was measured by ultrasono- 
graphic scan in week 17 in all women in this study.? A 
second measurement was obtained in week 32 to eval- 
uate fetal growth. 

Antepartal electronic FHR monitoring (nonstress 
test) was performed daily in women admitted to the 
hospital and weekly or more often in pregnancies at 
risk and under outpatient care. The tracings were eval- 
uated according to the previously described classifica- 
tion system,’ and tracings with decelerations or a silent 
pattern were classified as ominous 

Diagnosis and management of hypertension. The 
hypertensive disorders were classified as: chronic hy- 
pertension (hypertension diagnosed before 19 com- 
pleted weeks without ‘superimposed preeclampsia), 
preeclampsia (hypertension combined with proteinuria 
of 20.3 gm/L on at least two occasions), and pregnancy- 
induced hypertension (criteria for preeclampsia and 
chronic hypertension not fulfilled). 

All hypertensive women were referred to the hospital 
for assessment and care; 65 (32.5%) were managed as 
outpatients until delivery. The remaining 135 women 
(67.5%) were hospitalized (a mean of 4.6 days). Patients 
in whom the blood pressure became normal after bed 
rest were referred for outpatient care. Antihyperten- 
sive treatment with a B,-adrenergic receptor blocker 
was given to 62 (31.0%) women (atenolol, n = 61; 
metoprolol, n = 1); complementary treatment with hy- 
dralazine was given in 15 cases. kight women were al- 
ready receiving B-adrenergic receptor blockade before 
conception, and medication was started before the 
twenty-eighth week of gestation in eight other women. 
The patients were discharged if tae blood pressure re- 
turned to the normal range, anc regular visits to the 
antenatal clinic were then arranged until delivery. 

Intrapartum FHR monitoring. The deliveries were 
supervised and managed by hospital staff obstetricians, 
and, if necessary, the newborn infants were taken care 
of by hospital staff neonatologists. Thus the clinical 
management had a high degree of homogeneity. Of all 
singleton deliveries in the department, 2223 (93.4%) 
were electronically monitored during labor and deliv- 
ery. Patients scheduled for elective cesarean section and 
those with advanced labor at admission were not mon- 
itored. Recordings in the second stage of labor were 
not included. 

Intrapartum FHR tracings were classified as ominous 
or innocuous. The criteria for an ominous intrapar- 
tum FHR pattern were: complicated tachycardia (base- 
line FHR >160 beats/min with a silent pattern or 
decelerations), complicated bradycardia including pro- 
longed decelerations (<100 beats/min >5 minutes), re- 
petitive late or combined decelerations, and repetitive 
variable decelerations with ominous signs (beat loss >60 
beats/min, duration >60 seconds). 
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Table II. Ominous intrapartum FHR patterns in conjunction with different types of hypertension 






Hypertension 
Pregnancy-induced 24/125 19.2 
Chronic 9/44 20.5 
Preeclampsia 8/31 25.8 
TOTAL 41/200 20.5 
Normotension 154/2023 7.6 


*Number per total. 


Ominous FHR patterns 


Relative 
risk 









95% Confidence 


interval 


Significance 





2.5 1733-7 p < 0.00! 
2.7 1.5-4.9 p < 0.01 
3.4 1.8-6.3 p < 0.01 
2.7 2.0-3.7 p < 0.001 


Table III. Ominous intrapartum FHR patterns in 200 matched pairs 







Pairs with 
ominous FHR 
pairs (tn hypertension only) 






Discordant 
Type of hypertension 





Pregnancy-induced 29 
Chronic 8 
Preeclampsia 9 
TOTAL 46 


All data concerning the pregnancy were collected 
prospectively according to standard Swedish Maternity 
Health care records. Data concerning the neonatal pe- 
riod were collected from the medical records at the 
Department of Pediatrics. 

Statistics. In the unmatched part of the investigation 
relative risks were estimated in the obvious way as ratios 
of estimated risks; confidence intervals were con- 
structed under the assumption of normal distributions 
for the logarithms of the estimated risks. In the 
matched part we had to work with odds ratios instead 
of relative risks, and in such a design only the discor- 
dant pairs are informative. The ratio no,/nio of the 
number of such pairs of one type to that of pairs of 
the other was taken as a point estimate of the odds 
ratio: Odds ratio = p, (1 — ps)/[pe (1 — p,)]. A confi- 
dence interval for odds ratio was formed by means of 
the exact procedure for interval estimation of the prob- 
ability parameter ~m in a binomial distribution. Signifi- 
cance tests on relative risks were performed by means 
of x° tests with Yates’ correction, whereas the signifi- 
cance of odds ratios in the matched part of the inves- 
tigation was assessed by means of an exact two-tailed 
test of the hypothesis 7 = 12 in a binomial distribution; 
in both cases p values >0.05 were considered not sig- 
nificant. 


Results 


Hypertension occurred in 8.8% of the pregnancies. 
The distribution of these patients in the different hy- 
pertensive diagnoses are presented in Table I. 

Technically acceptable FHR recordings during the 
first stage of labor were obtained from 2223 deliveries. 






95% Confidence 
interval 








Odds ratio Significance 





3.1 1.3-8.7 p < 0.01 

00 1 .'7-00 p< 0.01 
3.5 0.7-35 NS 

4.1 1.9-9.7 p < 0.0001 


The relative risks of an ominous FHR pattern in the 
different hypertensive diagnoses, as estimated from the 
nonmatched data set, are given in Table II, whereas 
the odds ratios, as estimated from the matched pairs, 
are given in Table III. In total, 41 (20.5%) women with 
hypertension had ominous FHR patterns; the corre- 
sponding figures were 154 (7.6%) of the normotensive 
women and 13 (6.5%) tn matched control women. The 
rate of ominous FHR patterns in the different diag- 
noses of hypertension was of the same magnitude 
(19.2% to 25.8%). 

The different types of ominous FHR patterns are 
shown in Tables IV and V. Both complicated baseline 
and ominous decelerations were significantly more 
common in the hypertensive group than in the nor- 
motensive women; this was the case both in the un- 
matched data set and in the matched pairs. 

Potential risk factors for ominous intrapartum FHR 
patterns were studied separately in the three groups 
(Tables VI and VII). In women with hypertension om- 
inous FHR patterns were frequent in primiparity, in- 
duced labor, preterm delivery (<37 completed weeks), 
and delivery of growth-retarded fetuses; these patterns 
were significantly more common in primiparity and in 
preterm delivery in women with hypertension than in 
women with normal blood pressure and the same risk 
factors. Ominous intrapartum FHR patterns were less 
common in women with hypertension without these 
risk factors; however, the differences in normotensive 
women and matched control women without the factors 
were significant. The relative risk in women with hy- 
pertension for ominous FHR patterns in labor was in- 
creased from 1.0 to 8.6 when compared with the risk 
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Table IV. Ominous intrapartum FHR patterns in normotensive and hypertensive pregnancies 





Normotenstve 
(n = 2023) 





Type of FHR pattern 





Complicated baseline 


Complicated tachycardia 34 8 
Complicated bradycardia 38 9 
Ominous decelerations 82 4.] 24 
Late decelerations 21 9 
Combined cecelerations 25 9 
Variable decelerations 36 6 


with ominous signs 


Table V. Ominous FHR patterns in 200 matched pairs 


Hypertensive 
(n = 200) 


72 3.6 17 8.5 



















95% Confidence 
interva: 






Relative risk Significance 






2.4 1.4-4.0 p < 0.01 


12.0 3.0 1.9-4.6 p < 0.001 





















Discordant 


Type of FHR pattern pairs 
Complicated baseline 21 17 
Complicated decelerations 29 22 


in normotensive women, and it was of a similar mag- 
nitude regardless of risk factors (Table VI). The com- 
parison with matched control women revealed signifi- 
cant differences irrespective of risk factors. 
Antihypertensive treatment with a B-adrenergic re- 
ceptor blocker was instituted in 26 patients with 
pregnancy-induced hypertension (20.8%), in 22 pa- 
tients with chronic hypertension (50.0%), and in 14 
patients with preeclampsia (45.2%). Ominous tracings 
were seen in 29.0% of the women treated with a 
B-adrenergic receptor blocker and in 16.6% of the pa- 
tients without such treatment. In five women (not in- 
cluded) given antihypertensive treatment, ominous an- 
tepartum FHR patterns were demonstrated; they were 
delivered abdominally because of fetal distress. None 
of these fetuses were small for gestational age. 
Epidural block anesthetic was administered in 33.7% 
of the deliveries in the study (41.5% of women with 
hypertension and 32.9% of those with normal blood 
pressure). The frequency of ominous FHR tracings in 
labors with epidural block anesthesia was 30.1% in 
women with hypertension and 10.7% in women with 
normal blood pressure (p < 0.001). However, signifi- 
cant differences also were found in labors without epi- 
dural block anesthesia (13.7% of women with hyper- 
tension and 6.1% of women with normal blood pres- 
sure). Ominous tracings were seen in 14 of the 28 
women who received B-adrenergic receptor blockade 
and epidural block anesthetic for pain relief in labor. 
The cesarean section rate was 5.5%. Abdominal de- 
livery was significantly more common in the group with 
hypertension (12.0%) than in the group of women with 
normal blood pressure (4.8%) and also when the in- 
dication for operation was fetal distress in labor (5.5% 


Pairs with ominous 
FHR patterns 
(in hypertension only) 








95% Confidence | 
intervel 










Odds ratio Significance 





4.2 1.4-17 p< 0.01 


3.1 1.3-8.7 p< 0.01 


and 1.9%, respectively). Reduced Apgar scores (<7) at 
5 minutes were seen in 2.5% of the newborn infants of 
mothers with hypertension compared with 1.2% of the 
newborn infants of women with normal blood pressure. 
Hypertension was associated significantly with infants 
who were small for gestational age. Referral to the neo- 
natal care unit was significantly more common for new- 


_ born infants of women with hypertension (15.5%) than 


for those of women with normal blood pressure (5.0%). 

The total mortality in the study population (stillbirths 
228 completed gestational weeks and infant mortality) 
was 0.9% during the study period (1.5% in cases of 
hypertension and 0.8% in those with normal blood 
pressure). There were three newborn infants with le- 
thal congenital malformations (two in women with nor- 
mal blood pressure and one in a woman with hyper- 
tension). 


Comment 


Hypertension occurred in 3.8% of the pregnancies 
in this cohort study. Ominous intrapartum FHR pat- 
terns were more common among women with hyper- 
tension (20.5%) than among those with normal blood 
pressure (7.6%). As a result, the hypertensive preg- 
nancies accounted for no less than 21.0% of all ominous 
intrapartum FHR patterns, whereas 13% of all cases of 
ominous intrapartum FHR patterns can be attributed 
to the excess frequency in hypertensive pregnancies. 
The ominous patterns were significantly more common 
among hypertensive women than among normotensive 
matched control women. The relative risk was roughly 
of the same magnitude regardless of type of hyper- 
tension. 

Hypertension in pregnancy, especially preeclampsia, 
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Table VI. Frequencies of ominous intrapartum FHR patterns in normotensive and hypertensive women 
in association with parity, type of labor, gestational age, and birth weight for gestational age 


















Normotension Hypertension 
(n = 2023) (n = 200) 
Relative 95% Confidence 
Primiparity 106/891 11.9 30/106 28.3 24 1.7-3.4 p < 0.001 
Multiparity 48/1132 4.2 11/94 11.7 2.8 1.5-5.1 p< 0.01 
Induction of labor 11/83 13.3 18/78 25.1 1.7 0.9-3.4 NS 
Spontaneous onset of 143/1940 7.4 231122 18.9 2.6 1.7-3.8 p < 0.001 
labor 

Preterm (<37 wk) 8/196 4.1 6/17 35.3 8.6 3.4-22 p < 0.001 
Term delivery 146/1827 8.0 35/183 19.1 2.4 1.7-3.3 p < 0.001 
Small for gestational age 8/13 61.5 3/5 60.0 1.0 0.4-2.2 NS 
Appropriate for gesta- 146/2010 7.3 38/195 19.5 24 1.9-3.7 p < 0.001 


tional age 





*Number per total. 


Table VII. Ominous intrapartum FHR patterns in 200 matched pairs separated according to parity, type 
of labor, and gestational age 












Discordant 





Type of FHR pattern 


Pairs with 
ominous FHR patterns 
pairs . in hypertension only 






95% confidence 
interval 






Odds ratio 





Primiparity 32 4.3 Er 13) p < 0.001 
Multiparity 14 ont (1.0, 20) NS 
Induction of labor 20 16 4.0 (1.3, 16) p < 0.05 
Spontaneous labor 26 21 4.2 (1.5, 14) p < 0.01 
Preterm delivery 8 6 3.0 (0.5, 30) NS 
Term delivery 38 31 4.4 (1.9, 12) p < 0.001 


-~ 


is more common in primiparous women. In the present 
study ominous FHR patterns were significantly more 
common in primiparous women with hypertension 
than in those without. There also was an increased risk 
for ominous FHR patterns among multiparous women 
with hypertension as compared with multiparous nor- 
motensive women. 

Induction of labor is a common procedure in preg- 
nancies complicated by hypertension and could be a 
causative factor in ominous FHR patterns.* In this study 
the frequency of ominous tracings among women with 
hypertension and induced labor (23.1%) was similar to 
that found among women with hypertension and spon- 
taneous labor (18.9%). However, ominous FHR pat- 
terns were more common in women with hypertension 
than in women with normal blood pressure or in 
matched control women regardless of type of labor. 

Preterm deliveries are associated with an increased 
frequency of ominous FHR patterns.* Ominous FHR 
patterns in preterm labor occurred significantly more 


often in women with hypertension than in normoten- 
sive women. Further, in the total hypertensive popu- 
lation six other women (not included) were delivered 
in the preterm period; five had ominous antepartal 
FHR patterns and were delivered abdominally because 
of fetal distress and there was one stillbirth. 

Several studies have reported an increased frequency 
of abnormal FHR patterns in association with epidural 
block anesthesia. Hypotension after epidural block in 
combination with abnormal uterine contractions has 
been suggested to cause the abnormal FHR patterns. 
The mean blood pressure fall during epidural block 
anesthesia was reported to be greater in patients with 
preexisting hypertension.” In the present study epi- 
dural block anesthesia in women with hypertension was 
associated with an almost threefold increased risk for 
ominous FHR patterns when compared with normo- 
tensive women. The combination of antihypertensive 
treatment and epidural block anesthesia was associated 
with a high frequency of ominous FHR patterns 
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(50.0%), which gives a relative risk of 6.6 for ominous 
FHR patterns in these patients when compared with 
the normotensive study group. Sympathetic nervous 
blockade after epidural anesthesia may interfere with 
uteroplacental blood flow and influence the FHR 
patterns. 

Almost one third of the hypertensive women (31.0%) 
in this study were treated with a B,-adrenergic receptor 
blocker. Several studies report an influence on ante- 
partal FHR patterns with reduced baseline FHR*” and 
reduced number and size of acceleration after treat- 
ment with £,-selective blockers.* ° The influence of 
B-blockers on intrapartum FHR patterns has not been 
carefully studied.‘ 

The results in this study suggest that women given 
B-blockers may be exposed to an increased risk for 
ominous FHR patterns in labor. Ominous tracings were 
seen in 29.0% of the treated women. Five other women 
receiving antihypertensive treatment were delivered 
abdominally because of ominous antepartal FHR pat- 
terns. This is in line with reported adverse effects of 
B-adrenergic receptor blockade in animal experimental 
studies. However, it should be kept in mind that an- 
tihypertensive treatment was instituted more often 
among patients with chronic hypertension (50.0%) and 
preeclampsia (45.2%) than in patients with pregnancy- 
induced hypertension (20.8%). Therefore an interpre- 
tation of these results should be made with caution 
because treatment was given to the more serious cases 
even if the frequency of ominous tracings was similar 
in the different types of hypertension (Table II). 

The highest frequency of ominous FHR patterns was 
found in labors with growth-retarded fetuses. This is 
consistent with other studies reporting increased fre- 
quencies of ominous FHR patterns in combination with 
small-for-gestational-age infants and preterm deliv- 
ery.“ The influence of antihypertensive treatment on 
FHR patterns in patients with these risk factors can 
only be speculated on because of the low number of 
such patients that were included in the study. 

In conclusion, this study indicates that women with 
hypertension are exposed to an increased risk for om- 
inous intrapartum FHR patterns when compared with 
normotensive women. This increased risk was found 
both in women with and in those without potential risk 
factors. The increased relative risk was especially ob- 
vious in the preterm period. No significant differences 
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in the frequencies of ominous intrapartum FHR pat- 
terns were found between patients with chronic hy- 
pertension, preeclampsia, or pregnancy-induced hy- 
pertension. 


Advice on epidemiologic matters was given by Pro- 
fessor Bengt Scherstén, Community Health Sciences 
Centre, University of Lund, and advice on statistical 
matters was given by Associate Professor Jan Lanke, 
Department of Statistics, University of Lund. 
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Fetal organ and xenograft transplantation 


Arie Drugan, MD, Wendy J. Evans, MPH, and Mark I. Evans, MD 


Detroit, Michigan 


The use of anencephalic fetuses and neonates as organ donors is technically feasible, and xenografts 
may be. Several ethical questions emerge, however, involving the appropriate use of such organs and 
what alterations, if any, in obstetric and neonatal management may be acceptable to increase the 
availability and likelihood of success of such organs. (AM J Osstet GYNECOL 1989;160:289-93.) 


Key words: Anencephaly, xenografts, fetal organ donors, ethical concerns 


The pediatric surgical literature manifests deep con- 
cern regarding the shortage of children organ donors. 
However, each year there are hundreds of term anen- 
cephalic deliveries in the United States, and addition- 
ally, in hundreds to thousands of cases of anencephaly 
diagnosed earlier in pregnancy, termination of preg- 
nancy is carried out. . 


Just as the family of the accident victim can some- . 


times derive partial comfort by the donation of organs, 
we believe that the family of the anencephalic should 
be offered the same opportunity. While there are 
clearly several caveats that need to be followed, we be- 
lieve a greater good can emerge. 

Additionally, we believe that the use of xenografts 
(as in the “Baby Fae” experiment) should be considered 
the beginning of a new approach that will expand the 
opportunities for the pediatric surgeon to increase sur- 
vival in disorders that are commonly fatal today. 


The need for organ transplants and availability 


It is estimated that there are 10,000 to 25,000 po- 
tential kidney recipients and about 300 potential liver 
recipients, most of whom are children. Of the approx- 
imately 12,000 patients awaiting heart transplants, 
about 100 are children. In addition there are about 
25,000 infants born each year with congenital heart 
disease; hypoplastic left heart syndrome affects about 
500 neonates each year.’ 

The estimated incidence of end-stage renal ee 
in children <10 years old is 0.3/10 to 0.4/ 10° per year.! 
There are 400 to 500 children with end- -stage renal 
disease, 500 to 1000 with biliary atresia or cholestatic 
syndromes, and approximately 500 with fatal congen- 
ital heart disease,” all awaiting transplants. 

The availability of cadaver organs for transplantation 
is greatly reduced by the present screening system, with 
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an estimated 15% to 20% of the potential “supply” ac 
tually available. Between 12,000 and 27,000 victims of 
fatal accidents in the United States might serve as a 
source of solid organs for transplantation, but fewer 
than 1000 donor hearts are available.! Comparatively 
few children die in circumstances allowing organ do- 
nation (1200 per year in car accidents?; thus the avail- 
ability of small organs for transplantation is further 
reduced. 

The vast majority of severely handicapped, dying 
neonates are not suitable for organ donation because 
of either the underlying disease or infection or because 
the life supports and drugs administered in neonatal 
intensive care units render their vital organs unsuitable. 
Severe chromosomal malformations express them- 
selves in each cell, and infants born with these abnor- 
malities are not suitable organ sources because of the 
increased potential of tumor development. 

Anencephaly, a fatal newborn condition compatible 
with organ donation, affects’ about 1850 fetuses per 
year. However, the number of anencephalics that can 
be used for organ donation is limited by fetal death 
and maceration occurring before delivery in some 
cases and by an iricrease in midtrimester diagnosis 
of anencephaly, resulting in more interruptions of 
pregnancy in the second trimester.! Moreover, third- 
trimester termination of pregnancy with an anence- 
phalic fetus is-often considered morally acceptable, as 
the fetus is afflicted by a condition incompatible with 
postnatal survival of more than a few days and is char- 
acterized by the total or virtual absence of cognitive 
function.® 


Ethical considerations on fetal 
organ transplantation 


Between 1969 and 1973, all 50 states passed the Uni- 
form Anatomical Gift Act (UAGA), which allows for the 
gift of “all.or part of the body” of a dead fetus for 
research or therapeutic purposes. Experimentation 
with an abortus determined to be viable after delivery 
is not permitted. The term “viable” means the ability, 
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after either spontaneous or induced delivery, to survive 
to the point of independently maintaining heartbeat 
and respiration.’ In other words, organs cannot be 
taken from a person who does not meet the currently 
accepted “whole brain” definition of death, which re- 
quires irreversible cessation of all functions of the entire 
brain, including the brain stem. This definition is not 
fulfilled in cases of anencephaly, where most of the 
cranial vault and the cerebral cortex is missing but the 
lower residual brain stem can maintain vital functions 
for hours or days.More than 40% of anencephalics are 
expected to survive more than 24 hours, and of these 
35% will be alive on the third day and 5% on the 
seventh day.” 

‘There are two points of debate with the UAGA on 
these grounds; one is to attack the “whole brain death” 
definition, which was adopted to protect the comatose 
patient whose injured brain might conceivably re- 
cover function. Obviously, this precaution need not 
and should not be applied to. anencephalic infants. 
Harrison® has proposed the terminology of “brain ab- 
sent,” which has the advantage of being narrowly de- 
fined and, therefore, not expandable to include indi- 
viduals with less severe anomalies or injuries. Although 
this term correctly defines the anatomic defect, it does 
not accurately reflect the status of those infants diag- 
nosed as anencephalic but not yet dead. Mahowald 
et al.* suggested the use of the term “nonviability,” 
which would apply not only to anencephalics but also 
to fetuses or individuals whose imminent death is un- 
avoidable. The second approach to modifying the 
UAGA would be to change the definition of anence- 
phalic infants as persons on the basis that they are born 
with such profound mental defects that they will never 
be able to establish meaningful human interaction. This 
concept is objected by Capron’ as a “radical redefinition 
of the accepted.criterion for being considered a person, 
namely livebirth of the product of human conception.” 
This problem is avoided by Harrison’s definition of the 
anencephalic as a “brain absent” person, which rec- 
ognizes the devastating anatomic and functional defi- 
ciency without demeaning the infant’s very existence. 
In that case organs could be taken only if this could be 
accomplished in a way that would not cause suffering 
or would not detract from the dignity of dying or 
abridge the right to die. Moreover, denying person- 
hood to the anencephalic infant would be contradictory 
to the parents’ perception of the pregnancy and their 
natural need to mourn their pregnancy loss.. 

We suggest a few ethical caveats must be imple- 
mented in cases where fetal organ donation is contem- 
plated. 

1. The pregnant person and the decision.to become 

pregnant should not bear any relationship to the 
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beneficiary of organ donaticn or to the act of or- 
gan donation itself. 

2. The act of organ donation should be completely 
voluntary and without any monetary gain. 

3. The decision to end the pregnancy must be in- 
dependent of, and occur before, any decision 
about using the organs for transplantation. Pro- 
longing vital functions of a living fetus for re- 
search purposes is prohibited by federal law.‘ 
Harrison* has argued that prolonging gestation to 
obtain more mature organs or prolonging ex- 
trauterine survival to maintain organ perfusion 
would be inappropriate. However, it is our opin- 
ion that if a couple wishes to continue an anen- 
cephalic pregnancy to the point that organs are 
usable, such a decision should be neither encour- 
aged nor discouraged. 

4. Even if donation is contemplated, termination of 
pregnancy should be done in such a way as to 
minimize the risk for maternal health and future 
reproductive performance even if it affects the 
quality of the organs obtained. 

5. The anencephalic newborn should be cared for 
by a neonatologist independent of the transplant 
team, and furthermore the condition of brain 
absence should be confirmed by an indepen- 
dent team. The Loma Linda group has recently 
used a neonatal respirator as a “diagnostic” 
tool. Periodically turning off the respirator results 
in absence of breathing over a 3- to 4-minute pe- 
riod, which could be used to establish “brain 
death.” The respirator then could be turned on 
again to perfuse tissues while preparing for the 
transplants. ; 

Implementation of these ethical guidelines should 
avoid commercialization of these unfortunate events. 
Availability of other sources of organs for transplan- 
tation should be pursued. However, if other means of 
obtaining organs for transplantation (e.g., from a dead 


fetus) fail, it may be that a majority of the community 


would give a higher priority to the life of persons need- 
ing transplant than to symbolic commitments that do 
not directly protect other persons.’ In these cases organ 
transplantation may.also aid ir the mourning process 
of the parents, giving meaning to an otherwise “wasted” 
pregnancy. The crucial role of informed consent in this 
situation is to transform the situation “from one in 
which a donor is used to one in which the donor’s or 
proxy’s autonomy is respected.”* When the family con- 
sent to organ donation, hydration and cooling of the 
anencephalic doncr, to preserve organs for transplan- 
tation, should be permitted, although hastening the 
total brain death.” Because total brain death is the in- 


_evitable result of the devastating anatomic abnormality 
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and because the anencephalic baby is beyond suffering, 
the “evil”.done to him/her is small and rationally in- 
significant compared with the benefit of having suitably 
preserved organs that, when transplanted, may save 
another child’s life. 


Clinical experience with transplantation of 

fetal organs - _ 

It is assumed, but not proved, that fetal grafts in 
general enjoy longer survival than more mature grafts, 
and the use of fetal donors makes possible immunologic 
manipulation that improves graft survival.” The age of 
the fetus may be critical to success, with midgestation 
or earlier producing the best results in rodents. Fetal 
tissue also has a greater capacity to develop than adult 
tissue.’ In cases in which the need for transplantation 
can be predicted before birth, it may be possible to 
induce specific unresponsiveness in the potential recip- 
ient before birth, for transplantation either before or 
after birth.’ | 

Human experiments in fetal organ transplantation 
involve kidney transplantation from’ anencephalic ca- 
davers. Of 20 cases in the literature, Ohshima et al. 
found that only six had well-functioning kidney grafts 
for more than six months. In their own case acute graft 
rejection occurred after 77 days. This rejection prob- 
ably is due to the quality of the anencephalic donor 
kidneys, which may be immature, damaged during re- 
trieval, or nonfunctional because of graft thrombosis. 
To be successfully transplanted, the organs should be 
oxygenated and perfused until harvest. Holtzgreve 
et al.’ reported three successful kidney transplants from 
two anencephalic fetuses, with documented growth of 
the transplants and normal kidney function for 1% 
and 242 years. After birth of the anencephalic donors, 
intubation and ventilation were done immediately, 
and systolic pressure was preserved at 80 mm Hg 
until nephrectomy was performed, within 1 hour of 
birth. 

Fetal pancreas transplantation, although not re- 
ported yet in human beings, was performed success- 
fully in streptozocin-treated Lewis rats. Transplan- 
tation under the kidney capsule with shunting of the 
renal vein into the portal circulation and use of pan- 
creases that developed in a euglycemic environment 
improved the endocrine response of the graft. Studies 
on cryopreservation and thawing indicate nearly com- 
plete survival of the rat fetal pancreas, permitting ac- 
cumulation of large numbers of fetal pancreases in a 
bank, being tissue-typed and used in compatible recip- 
ients. This is a major advantage because the ability to 
perform HLA antigen typing of tissues from human 
fetuses in the second trimester already has been de- 
veloped.” The remaining major obstacle to application 
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to human beings of fetal pancreas transplantation is 
development of safe and effective methods for pre- 
vention of rejection. Immunosuppression is considered 
unwarranted because the person with diabetes already 
is at increased risk of infection. Moreover, the proce- 
dure is not lifesaving. In animal studies of liver donors, 
pretreatment with short-term immunosuppression was 
effective in prolonging survival of the transplant but 
not across a major histocompatibility disparity. Total 
lymphoid irradiation (23000 rad) followed by donor 
bone marrow transplantation was successful consis- 
tently.!° 

Bone marrow transplantation has been used for al- 
most a decade, in conjunction with total body irradia- 
tion or immunosuppressive therapy, in the treatment 


_ of immunologic, enzymatic, or hematologic deficiency 


states such as Wiskott-Aldrich, Hurler, or Diamond- 
Blackfan syndrome." The success of bone marrow 
transplantation depends in part on the amount of re- 
ticuloendothelial cells in the organ involved, because 
only these cells are replaced. Therefore the central ner- 
vous system is the least likely to benefit by marrow 
transplantation. 

A major problem is the immunocompetence of the 
graft and the recipient; even when HLA—mixed lym- 
phocyte culture matched donor-recipient pairs exist, 
there 1s still a 50% chance of graft-versus-host disease 
that will be fatal in 50% of cases. Fetal immunologic 
tolerance before 18 to 20 weeks’ gestation and the pos- 
sibility of early diagnosis of certain diseases by chorionic 
villus sampling combined with deoxyribonucleic acid 
polymorphism make the fetus an ideal candidate for 
transplantation, being both a favorable donor and a 
favorable recipient. At’ present, fetal liver hemato- 
poietic stem cells are used in human beings only when 
histocompatible bone marrow is not available. For the 
fetal recipient, fetal liver hematopoietic stem cells may 
de preferred as donors.” The potential targets are dis- 
orders of lymphocytes, platelets, leukocytes, and red 
blood cell and enzyme function. 

Fetal neural tissue transplantation has been used suc- 
cessfully in treating symptoms of Parkinson’s disease 
induced in monkeys. Parkinson’s disease also was 
treated experimentally in four patients through im- 
plantation of tissue from their own adrenal glands into 
precise areas of the brain, although relief of symptoms 
was obtained only temporarily. The greater develop- 
mental capability of fetal tissue provides an advantage 
not found in grafts from mature individuals. Although 
Parkinson’s disease may be the first human disease to 
be treated successfully through transplantation of fetal 
brain tissue, other degenerative diseases, such as Altz- 
heimer’s, or neural tube defects also are potentially 
treatable by this technique.‘ 
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The scientific status of xenografts 


Attempts to create suitable xenograft donor organs 
also have progressed slowly over the past few decades, 
being reinforced by the need for organs to be trans- 
planted and by the paucity of available organs for trans- 
plantation. 
~ In the early 1960s attempts at T of kid- 
neys from chimpanzees and baboons to human adults 
failed in the vast majority within 2 months (the graft 
survived 9 months in only one case). Three attempts 
at grafting livers from chimpanzees all failed within 2 
weeks. In foùr attempts at animal heart transplantation, 
three persons died in cardiogenic shock. The fourth, 
“Baby Fae” (transplantation of a baboon heart to a baby 
girl born with hypoplastic left heart syndrome, per- 
formed by a surgical team headed by Dr. L. Bailey 


in Loma Linda; California, in 1984), showed that. 


xenografted organs are capable of function in the hu- 
man recipient. However, survival of graft and host is 
poor.” 1, 13 , , 
‘The process of xenograft rejection qualitatively re- 
sembles allograft rejection but differs quantitatively, 
depending on the genetic disparity between donor and 
recipient. With minor differences there is usually a 
mild, cellular form of immune reaction, whereas with 
major differences a violent, humoral type of immune 
response is expected. From an ‘allogeneic view, the 
chimpanzee seems to be more similar than the baboon 
to the human being. Immunosuppressive therapy 
provides improved xenograft survival. The advan- 
tage of cyclosporine over more conventional modalities 
of immunosuppression (azathioprine, steroids, actino- 
mycin D, antilymphocyte globulin, local graft irradia- 
tion) was not proved in this clinical setting” and in Baby 
Fae’s case may be partially implicated i in her death.” 

_Histocompatibility barriers and mechanisms of re- 
jection in clinical xenografts are not fully understood, 
and there is a lack of availability of adequate immu- 
nosuppressive therapy to overcome these barriers.” 
HLA phenotyping and lymphocytotoxic and mixed 
lymphocyte cultures as a means to distinguish the pre- 
ferred donor may not have the same clinical signifi- 
cance in allografts and xenografts. Species-specific cy- 
totoxic antibodies, antibody-induced erythrocyte ab- 
errations, and ABO hemagglutinins may « pentane! to 
graft i injury. 


Ethical considerations in xenografting 

The publicity and the debate (public and profes- 
sional) rising from Baby Fae’s experimental transplan- 
tation prompted the review of the following ethical con- 
siderations. 

1. The transfer of new procedures from the exper- 
imental laboratory to the operating room. Such a de- 
cision should be based on balancing experimental ev- 
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idence suggesting the procedure may succeed and the 
clinical urgency of the case, in view of alternative ap- 
proaches.” There exists a pool of critically ill patients, - 
both children and adults, faced with the prospect of 
inevitable death, for whom no alternative exists. Given 
these realities, it would appear ethically defensible un- 
der proper institutional review board protection to al- 
low research involving xenografting in-human subjects 
to proceed in those cases where no alternative therapy 
exists.’ 

2. The adequacy and the scientific basis of under- 
taking this type of transplant in a child. Baby Fae sur- 
vived for 20 days. To date, no evidence exists to support 
the expectation that a xenograft would continue to 
function for more than 2 to 6 months, even with max- 
imum blockade of the immune response, in contrast to 
efficacy of human liver or heart. transplantation (60% 
to 80% survival for 1. year).2 On the basis of previous 
experience, no real benefit was expected for “Baby 
Fae.” As emphasized by many, the search made for a 
human heart donation was inadequate in Baby Fae’s 
case, and “not even to attempt to find one says a lot 
about the motivations of her doctors.”"* 

3. The adequacy of the institutional review board 
review. Can the institutional review board mechanism 
protect human subjects involved in first-of-their-kind 
human transplants? Institutional review boards are 
composed primarily of employees and staff of the re- 
search institute itself, who sometimes lack the specific 
scientific expertise to judge critically such an experi- 
ment. Ethical considerations should rule the enthusi- 
asm generally experienced with transplant innovations. 
The institutional review process involved in the Baby 
Fae case was reviewed by the National Institutes of 
Health Office of Protection from Research Risk and 
found adequate. 

4. The quality of the informed consent. Documen- 
tation and ethical guidelines for informed consent must 
be carefully considered and be as specific as possible, 
especially on the “hope for survival” matter. The highly 
experimental nature of all forms of xenografting and 
the absence of knowledge as to long-term viability 
should be explained to all potential subjects or their 
surrogates. Personal difficulties in interpreting and un- 
derstanding the vast amount of information given toa 
family already stressed by the complexity of the basic 
situation should be accounted for. Parental guilt feel- 
ings over their dying child may “force” an informed 
consent for transplant, even when chances of survival 
are minimal at best. 

5. Killing animals for research involving xenografts. 
The low chance of medical success with xenografts also 
gives some credence to the “animal rights” claim. The 
moral point of view that accords greater value to an 
individual human life than an individual animal life 
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and the absence (for the time being) of other viable 
alternative methods for increasing the supply of organs 
for transplantation may appear to justify this means.’ 
However, the relatively few chimpanzees available, 50 
to 60 annually, and the real cost of producing an infant 
chimpanzee, $20,000, should prompt research into 
other sources for organs for transplantation. 

6. The interrelation of scientific projects—media and 
the public’s right to know. Science and news are in a 
sense antagonistic—news emphasizes the uniqueness, 
the immediacy, whereas science emphasizes verifica- 
tion, controls, comparisons, and patterns.’ It is inevi- 
table that cases such as Baby Fae should attract public 
attention, but care should be exercised lest the drive 
for publicity distort the research process itself. Public 
information should be released after the patient has 
left the hospital and the results are summed and pre- 
pared for a scientific report. The patient’s and family’s 
right to privacy should take precedence over the pub- 
lic’s right to know. 


Comparing xenografts with anencephalic donors 


Both methods emerge from the need to enlarge the 
sources of organ transplantation to improve chances of 
survival in recipients afflicted by a fatal disorder (liver, 
heart) or improve quality of life in those needing 
chronic dialysis or lifetime exogenous insulin mainte- 
nance. However, in the use of xenografts our major 
concerns lie with the recipient: What are the chances 
of surviving the experiment? Were all the efforts done 
to minimize the risk and to optimize outcome? What 
are the implications of transplanting organs of specific 
significance, such as the heart, from one species to the 
other? 

In using organs from anencephalics, the main ethical 
issues concern the donor: What are the implications of 
organ donation from an anencephalic fetus on prolon- 
gation of the pregnancy, on the choice of method to 
terminate the pregnancy, and on maternal perception 
of that pregnancy? Will this open ways to exploit anen- 
cephalic pregnancies for monetary profit from organ 
donation? What, if any, are the societal implications of 
organ donation from a live but irrevocably doomed 
anencephalic neonate regarding the treatment of other 
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severely handicapped newborns and the concept of sac- 
rificing one person (albeit one who has nothing to lose) 
in order to benefit another? 

The answer to these questions depends on society 
and on the medical professionals. The moral code of 
the medical profession should be high enough to pur- 
sue these procedures if the scientific basis is proved, if 
a substantial real benefit for the recipient is expected, 
and if all precautions were taken to preserve the dignity 
of the donor and his family. Society should have faith 
that this moral code exists. 
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Clinical Articles 


Association of episiotomy and delivery position with deep 


perineal laceration during spontaneous delivery in 


nulliparous women 


Lynn Borgatta, MD, MPH, Susan L. Piening, CNM, and Wayne R. Cohen, MD 


Bronx, New York 


Spontaneous deliveries of 241 nulliparous women were analyzed to test the hypothesis that both 
episiotomy and use of stirrups for delivery of infants were related to the occurrence of third- and 
fourth-degree perineal lacerations. These deep perineal tears occurred in 0.9% of the women delivered of 
infants without the use of either episiotomy or stirrups and in 27.9% of the women delivered of infants with 
both episiotomy and stirrups. Women exposed to episiotomy alone or to stirrups alone had intermediate 
rates of laceration. There was no independent correlation of laceration with maternal age, 1- and 

5-minute Apgar scores, or midwife or physician as delivery attendant. The results suggest that selective 
use of episiotomy and stirrups can minimize perineal trauma during spontaneous delivery n nulliparous 


women. (AM J OssTeT GYNECOL 1989;160:294-7.) 


Key words: Episiotomy, perineal laceration, obstetric laceration, delivery position 


Laceration of the external anal sphincter and rectum 
are complications of childbirth that have been linked 
to the performance of midline episiotomy.'? Third- 
and fourth-degree perineal lacerations occur in asso- 
ciation with episiotomy at rates that vary from 0.2% to 
23.9%. Relatively low rates of third- and fourth-degree 
lacerations have been reported by several birth services 
that emphasize the practice of delivering women of 
infants without the use of stirrups or other restraints 
on delivery position.®*° 

This study was designed to test the hypothesis that 
both episiotomy and the use of stirrups are associated 
with an increased risk of major perineal laceration dur- 
ing spontaneous vaginal delivery. The relative contri- 
bution ofeach procedure to perineal trauma was ex- 
amined. 


Material and methods 


There were 694 births in the faculty obstetrician- 
midwife practice of the Albert Einstein College of Med- 
icine from March 1, 1983, to December 31, 1985. The 
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study group consisted of all 241 nulliparous women 
who had spontanecus liveborn singleton vertex delivery 
during this period. Nulliparous women who had ce- 
sarean sections (5&), vacuum or forceps delivery (46), 
breech delivery (5), or antepartum fetal death (1) were 
not considered. For each woman, data pertinent to the 


- following variables were abstracted from a multivariate 


data base: maternal age, birth weight, 1- and 5-minute 
Apgar scores, delivery attendant, presence of long sec- 
ond stage, episiotomy, delivery position, and laceration. 

Maternal age was recorded to the closest year, birth 
weight was recorded in grams, and Apgar scores were 
listed as their numeric value. The remainder of the 
variables were binary. “Long second stage” was defined 
for purposes of this study as one in excess of 150 min- 
utes. Delivery attendant was classified as physician or 
midwife on the basis of who assisted the woman at 
delivery. Episiotomies performed were midline, with 
the exception of a single mediolateral episiotomy. De- 
livery position was classified as “legs unrestrained” if 
recorded as modified supine or semisitting, lateral, sit- 
ting in a chair, or squatting, and was classified as “stir- 
rups” if the delivery table and stirrups were used or if 
the delivery took place in a delivery room where stir- 
rups were available but the actual delivery position was 
not recorded. Perineal lacerations were deemed third 
degree if the anal sphincter or any part of its enveloping 
fascial sheath was lacerated, and fourth degree if ex- 
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Table I. Characteristics of women according to use of episiotomy and stirrups 





Maternal age (yr)* 
Birth weight (gm)* 
Apgar score* 
l min 
5 min 
Proportion of women with prolonged second-stage labor 
Proportion of women delivered by obstetriciant 


*Mean value. 


No episiotomy 






21.3 21.3 28.0 26.9 
3349 3266 3417 3343 
8.2 7.8 8.2 rer 
9.3 9.0 9.3 9.1 
0.01 0.00 0.06 0.10 
0.27 0.76 0.27 0.59 


+Proportions are significantly different among groups {p < 0.01). 


tension into the anal canal occurred. Third- and fourth- 
degree perineal lacerations were classified as “deep” 
lacerations. During the study period practitioners were 
aware that data were being collected. Treatment was 
not randomized. The decision to use episiotomy or a 
particular delivery position was left to the practitioner 
and the patient. 

Deep laceration, as the dependent variable, was con- 
trasted with the eight independent variables with a lo- 
gistic regression model (SAS, Sas Institute Co., Cary, 
N.C.). An interaction term for episiotomy and use of 
stirrups was added to determine whether there was a 
synergistic or antagonistic effect on the rate of lacer- 
ation when the two were used together. 


Results 


Of the 241 study participants, 111 had episiotomy 
performed (46.1%). Delivery took place in the delivery 
room for 67 women. Thirty-two of these women were 
known to have been delivered of infants with the use 
of stirrups; in 35 women it was not possible to deter- 
mine with certainty whether stirrups were used. Of the 
174 who were known to have been delivered without 
stirrups, 153 did so in bed in semisitting position, and 
21 were in other positions including lateral Sims’, sitting 
in a chair, kneeling on hands and knees, and squatting. 

The mean maternal age was 27.4 years, birth weight 
was 3360 gm, and 1- and 5-minute Apgar scores were 
8.07 and 9.22, respectively. Nine women (3.7%) had a 
long second stage. The distribution of these variables 
between groups was not significantly different, and 
none of these variables was significantly related to epi- 
siotomy use or to delivery position (Table I). Obstetri- 
cians delivered 84 women (34.9%) of their infants and 
157 (65.1%) were delivered by midwives. Obstetricians 
were significantly more likely to use stirrups. 

The proportion of deep perineal lacerations was low- 
est (0.9%) in women without episiotomy who were not 
confined to the lithotomy position; it was greatest 
(27.9%) in women delivered in stirrups with an episi- 
otomy (Table II). No significant relationship was found 


between the occurrence of deep laceration and mater- 
nal age, Apgar scores, or delivery attendant. Both in- 
creasing birth weight and prolonged second stage had 
a positive correlation with rate of laceration, but neither 
relationship reached statistical significance (p = 0.15 
and 0.17, respectively). Seventeen women had babies 
with a birth weight >4000 gm; of these, four had deep 
lacerations. 

Episiotomy was strongly correlated with increased 
rate of deep laceration (p = 0.0032). When the effect 
of episiotomy was considered, the estimated odds ratio 
for risk of laceration yielded a value of 22.46. In other 
words, there was more than a twentyfold increase in 
the frequency of deep laceration when episiotomy was 
used (Table III). A strong correlation between the 
use of stirrups and the presence of deep laceration 
(p = 0.0292) was also observed, with an estimated odds 
ratio of 14.01 (Table III). 

There was some evidence of a negative interac- 
tion between the use of episiotomy and stirrups 
(p = 0.088). This suggests the adverse effects of epi- 
siotomy and stirrups with regard to deep lacerations 
were not synergistic; rather, the rates of laceration 
found for the use of both practices together were some- 
what lower than expected if the effects were indepen- 
dent and, therefore, additive. 


Comment 


Perineal laceration into the anal sphincter or rectum 
may be associated with increased postpartum discom- 
fort and, despite generally excellent results with repair, 
occasional infection, separation, or fistula formation 
and need for further surgery.*"' Neither midline nor 
mediolateral episiotomy invariably protects the mother 
from anal sphincter trauma,’* '* ° and permanent 
sphincter dysfunction may occur." 

Ingraham et al.* reported a third-degree laceration 
rate of 0.15% in multiparous women and 4.9% in nul- 
liparous women. Comparison of these rates is compli- 
cated by the inclusion in the study of forceps deliveries. 


Eakins’ reported a 2% frequency of third-degree per- 
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Table II. Rate of deep perineal laceration 
according to use of episiotomy and stirrups 






Deep lacerations 


No episiotomy 


Legs unrestrained 1/106 0.9 
Legs restrained 
Stirrups definitely used 2/10 
Stirrups possibly used 0/14 
Total . 2724 8.3 
Episiotomy performed 
Legs unrestrained ~ ` 13/68 19.1 
Legs restrained 
Stirrups definitely used 11/22 
Stirrups possibly used W2- 
Total 12743 24.9 
Overall 28/241 11.6 


*Number of lacerations per total number in category. 


_ineal lacerations in a birth center where 69% of the 
women were nulliparous. Similarly, Barton et al.° found 
a 2.4% rate in a hospital birth center where 62.4% of 
the women were primigravid. In an assessment at an- 
other birth center, Reinke® found more lacerations 
among women with episiotomies, and still higher lacer- 
ation rates in those who were delivered of their infants 
spontaneously with episiotomy after they were trans- 
ferred to a hospital. In contrast, Feldman and Hurst? 
compared women who were delivered of infants at a 
birth center with those transferred to a hospital during 
labor and found similar rates of anal sphincter involve- 


ment (9.5% and 9.7%) in groups of comparable parity. 


The broad range of reported laceration rates may 
reflect not only variations in patient populations and 
obstetric practices but differences in definition and re- 
porting of lacerations as well. For example, some prac- 
titioners might record a partial sphincter disruption as 
a second-degree laceration. Therefore meaningful 
comparison of laceration rates among different groups 
may be done only when the lacerations are clearly 
defined and data on parity and use of forceps are 
available. 3 

This study attempted to control for possible con- 
founding factors related to the rate of laceration. We 
studied first deliveries only; inclusion of multiparous 
women would decrease the overall rate of laceration, 
necessitating a larger sample, and would introduce an- 
other variable (parity) known to be associated with fre- 
quency of laceration. For similar reasons, we did not 
include forceps deliveries. 

Our findings, which indicate an adverse effect of 
episiotomy on the incidence of deep perineal lacera- 
tion, are consistent with those of other studies.’® The 
approximately twentyfold increase in frequency we 
demonstrated is a very strong association that suggests 
the use of episiotomy increases the risk of deep lacer- 
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Table III. Odds of deep perineal laceration 







95% Confidence 
interval for odds 
ratio 


Effect of 22.45 8.67 7.81-64.61 
episiotomy (p < 0.003) 

Effect of 14.06 4.74 4.18-47.28 
stirrups (p < 0.029) 


ations. However, other interpretations of the data are 
possible. It may be that some women were identified 
on the basis of clinical judgment as likely to sustain 
laceration regardless of management, and these women 
were more likley to be in the episiotomy group. The 
similarity of the birth weight d:stribution in the group 
with and without episiotomy would tend to belie this 
possibility. It seems more likely that extension of some 
episiotomies may have resulted in a higher rate of deep 
laceration than would have been found if fewer episi- 
otomies were performed. 

The use of stirrups was also adversely associated with 
perineal laceration, independent of the effect of epi- 
siotomy, with an estimated odds ratio of 14. The like- 
lihood of a chance associatior. between position and 
laceration is small {p < 0.03). The inclusion of women 
whose delivery positions were not known with certainty 
(but who were delivered of infants in a standard deliv- 
ery room) with these who definitely were delivered of 
infants with the use of stirrups would tend to under- 
estimate the effect of stirrups. Thus it is possible that 
the effect of lithotomy position combined with stirrups 
may be even stronger than it appeared from these data. 

The negative interaction that was found between the 
effects of episiotomy and of stirrups use may be un- 
derstood in the following way. Use of episiotomy 1s 
associated with a significant risk of laceration. Addition 
of stirrups increases the risk but does not quite double 
it. The same is true when the procedures are considered 
in the reverse order. 

It is unlikely that there were other major confound- 
ing factors. Deliveries attended by obstetricians had a 
higher rate of lacerations thar. did those attended by 
midwives; however, obstetricians were also more likely 
to use stirrups for delivery than were midwives. This 
may be a reflection -of the fact that women who were 
possible candidates for forceps delivery would be 
placed in stirrups and that an obstetrician would be 
present when a need for forceps was anticipated. If the 
data are adjusted to control for the use of stirrups and 
episiotomy, deliveries by obstetricians were no more 
likely to result in a deep perineal laceration than were 
those by midwives. 

One possible explanation for the apparent adverse 
effect of leg restraints is that hip flexion and abduction 
results in excessive stretching cf the perineum in some 
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women. The perineum has a limited ability to stretch 
further as the fetal head encounters it, and lacerations 
result. Without positioning defined by stirrups, most 
women will tend to assume a posture that minimizes 
perineal tension during delivery of the head. 

Randomized studies to determine the effect of epi- 
siotomy or stirrups are difficult to carry out because of 
physician or midwife and patient preferences. Clinical 
approaches are therefore determined on the basis of 
retrospective analyses. This and other studies show an 
association of episiotomy with an increased rate of deep 
perineal laceration. Our study also strongly suggests an 
independent association of leg restraints with laceration 
and episiotomy extension, including laceration into the 
anal sphincter. These results do not imply that episi- 
otomy and lithotomy position are not potentially ad- 
vantageous in some women. However, the data support 
the belief that perineal trauma can be minimized dur- 
ing spontaneous vaginal delivery by selective avoidance 
of.the use of stirrups and episiotomy. 
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Evaluation of the new Amniostat-FLM test for the detection of 
phosphatidylglycerol in contaminated fluids 


Craig V. N MD, and Thomas J. Garite, MD 
Long Beach, anal 


The Amniostat-FLM rapid slide test (Hana Biologics, Inc., Alameda, Calif.) for detection of 
phosphatidylglycerol has previously been evaluated and has shown good correlation with the more 
sophisticated two-dimensional thin-layer chromatographic method. A new, ultrasensitive kit has now been 
released with a lower level of detection of 0.5 4g of phosphatidylglycerol per milliliter of fluid. This is the 
first report of this new kit, which we used with vaginal pool samples and with contaminated amniocentesis 
samples. We evaluated ‘this kit for concordance with thin-layer chromatography results as well as fetal 
outcome. Of 48 vaginal poo! samples, 41 (85%) showed concordance, whereas 39 of 42 (93%) 
contaminated amniocentesis samples were concordant, for an overall concordance of 89% (80 of 90 
samples). Sixty-seven infants were delivered within 72 hours of the test and there were no cases of 
hyaline membrane: disease in the presence of a positive test result. We conclude that this new, 
ultrasénsitive kit is.a good, time- saving, and reliable test for'the detection of phosphatidyiglycerol without 
the development of false-positive results even when tested on the worst possible fluid samples. A review 
of.clinical studies nvonlng the ae is algo prosonicd. (AM J BSET GYNECOL 1989;160: 298- 303.) 


Key words: Phosphatidylglycerol, fetal pulmonary maturity (Esang sepii distress 


garrone l 


The evaluation of fetal pulmonary maturity has now 
become a major test for the practicing obstetrician and 
gynecologist. The two most common tests performed 
are determination of the lecithin/ ‘sphingomyelin (L/ S) 
ratio! and the analysis of amniotic fluid for the presence 
of phosphatidylglycerol. ? Because the L/S ratio loses 
accuracy in vaginal pool fluid? or amniocentesis fluid 
contaminated by blood or meconium,*’ analysis for 
phosphatidylglycerol has become the main test for 
these fluid samples.-The gold standard test for the de- 
tection of ‘phosphatidylglycerol i is two-dimensional thin- 
layer ` chromatography. This test, however; requires 
trained technicians and is time consuming, taking 3 to 
4 hours to perform. This results‘ in’an increased cost 
to the patient due to technician time and delays getting 
the results ‘to the. obstetrician. Therefore this test is 
usually limited to institutions that care for a large num- 
ber of obstetric patients and often i is not available 24 
hours a day. 

In late 1982, a rapid test for the detection of phos- 
phatidylglycerol involving antibody agglutination, the 
Amniostat-FLM, was Ss Se and es by Hana 
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Biologics, Inc. (Alameda, Calif.). This test is easy to 
perform and only takes 20 to 30 minutes to complete. 
The original test kit had a lower level of detection of 
2 pg of phosphatidylglycerol per milliliter of fluid for 
a positive test. Several investigators have evaluated 
this older kit? and have reported good concordance 
of results when compared with the standard ‘thin- 
layer chromatographic method. A newer, ultrasensitive 
Amniostat-FLM kit has now been developed, with a 
lower level of detection of 0. 5 ug/ml of fluid for a 
positive result. 

= This study ‘was eeik to evaluate this new, ultra- 
sensitive test kit for overall concordance with results of 
thin-layer chromatography and to see if this reduction 
in the amount of phosphatidylglycerol required ‘for a 
positive test would lead to false-positive results (false- 
positive defined as hyaline membrane disease [HMD] 
in the presence of a positive test result). We also eval- 
uated the accuracy of this kit in vaginal pool fluid of 
patients: with preterm premature rupture of mem- 
branes and in amniocentesis fluid contaminated with 
blood or méconium or from patients with diabetes, be- 
cause these are critical areas for phosphatidylglycerol 
testing. A previous study by Benoit et al.° evaluated the 
older kit in similar samples of. fluid and showed good 
reliability i in these situations. 


Material and methods 


Samples of amniotic fluid used for this study were 
obtained at Memorial Womens Hospital of Long Beach 
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Table I. Concordant and discordant rates between the Amniostat-FLM test and thin-layer 
chromatography for phosphatidylglycerol detection in thé study samples 





Fluid source 





No. of 
samples 
Vaginal pool iy 


Amniocentesis 42 E il 


TOTAL 90. 36 44 


© Comeordant esis results 


— a F TLC 
AFLM + - AFLM — = Total 








Discordant results 


TLC + TLC 
AFLM — AFLM + + 





L 15 
33 93 3 o 3 7 
80 89 9 1 10 ll 





TLC, Thin-layer chromatography; AFLM, Amniostat-FLM. 


Table II. Studies that compare the Amniostat-FLM method with thin- -layer chromatography for 
phosphatidylglycerol detection in amniocentesis and vaginal pool specimens 










| Amnioceniesis fluid 


No. of = No. of % No. of No. 
samples concordant Concordant samples concordant 
91 





Vaginal pool fluid 













%, 
Concordant 


Garite et al? (1983) l 193 176 0 0 0 
Lockitch et al’ (1984) -> '88 78 89 0 0 0 
Halvorsen and Gross? a) 180 17] 95 0 0 0 
Benoit et al® (1986) 60 54 90 101 86 85 
Towers and Garite* Ganen 42 39 93 48 4] 85 





*New, ultrasensitive Amniostat-FLM kit. 


between September 1985 and December 1986. A total 
of 90 samples was collected, 48 vaginal pool fluids and 
42 transabdominal amniocentesis’ fluids. : 
‘Phosphatidylglycerol was determined as either pres- 
ent or absent by two-dimensional thin-layer chroma- 
tography by the method described by Kulovich et al.2 
A few modifications, however, were used as described 
by Kolins et al.° The first-phase solvent consisted of 
petroleum ether/chloroform/methanol/acetic acid at 
concentrations of 3/5/1.5/1 by volume. A clearly visible 
spot in the area of phosphatidylglycerol was read as 
positive on the thin-layer chromatography plates. The 
amount of phosphatidylglycerol was not quantified. `’ 

A second sample of amniotic fluid was then evaluated 
by the ultrasensitive Amniostat-FLM test kit. The pro- 
tocol for this procedure was followed exactly as printed 
in the manufacturer’s procedure guide. All samples of 
fluid were centrifuged at 500 x g for 3 minutes to re- 
move large debris and cells: This procedure runs three 
controls simultaneously with the patient’s fluid: a neg- 
ative control, a low positive or weakly positive control 
suggesting a phosphatidylglycerol value of 0.5 to 2.0 

pg/ml, and a high positive control (>2.0 pg/ml). 

The Amniostat-FLM test was considered positive 
with a weakly positive or high positive value. Thése 
results were then compared with two-dimensional thin- 
layer chromatography and were also analyzed with re- 
gard to clinical outcome of the infants delivered. The 
Amniostat- FLM results, however, were blinded from 


the obstetrician and were not used in clinical manage- 
ment during the study. 

The diagnosis of respiratory distress syndrome (RDS) 
was based on clinical as well as chest x-ray findings. The 
clinical signs included tachypnea, retractions, grunting, 
and nasal flaring, with the need for supplemental Oxy- 
gen to maintain an adequate Oxygen tension. The chest 
x-ray findings were that of HMD showing a diffuse 
reticulogranular pattern (ground glass appearance) 
along with air bronchogram formation. On completion _ 
of the study, all chest x-ray films obtained from the 
infants were reread by a ‘pediatric radiologist who was 
blinded as'to the infant’s clinical course: 

Because phospholipids are found in seminal ejaculate 
fluid,’ 29 of the vaginal pool samples were evaluated 
by a simple Papanicolaou smear for the detection of 
sperm. ‘These smears were read by a pathologist who 
was blinded as to patient history. ` 


Results 


A total of 83 patients was studied; there were four 
sets of twins, for a totål of 87 infants. Forty-eight vaginal 
pool samples were obtained from 44 patients whose 
pregnancy was complicated by preterm premature rup- 
ture of membranes. Eleven of these samples were also 
contaminated with blood. One patient in this group also 
underwent transabdominal amniocentesis; this sample 
was contaminated with blood. An additional 41 samples 
were obtained by transabdominal amniocentesis from 
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Table III. Phosphatidylglycerol result and risk of es disorder in infants delivered within 72 hours 


of test performance in study ae 





AFLM negative 35 3 8.6% 
AFLM positive 32 0 0% 
TLC negative 28 3 10.7% 
TLC positive 39 0 0% 


RDS/HMD 
No. of Statistical No. of 
cases significance Cases 













Oxygen for >24 hr 





Statistical 





significance 
8 22.9% p< 0.05 
0 0% | 
NS 8 28.6% p < 0.01 
0 0% 





AFLM, Amniostat-FLM; TLC, thin-layer chromatography 


Table IV. Comparison of studies that looked at risk of RDS/HMD in the presence or absence of 


pHoepuaney Sse by thin-layer see ues 






Garite et alf (1983) p “22 
Lockitch et al’ (1984) 17 
Towers and Garite* (current) 28 
TOTAL 67 18 


No. with 
No. RDS! HMD % No. 





Positive results 


No. with 
RDS /HMD 






36 52 0 0 
4] 28 0 0 
11 39 0 0 
27 119 0 0 





*New, ultrasensitive Amniostat-FLM kit. 


39 other patients, which included 16 samples contam- 
inated with blood, 7 contaminated with meconium, and 
18 noncontaminated samples from women with insulin- 
dependent diabetes, for a total of 42 amniocentesis 
samples. This resulted in an overall evaluation of 90 
samples. | 

Of the 48 vaginal pool samples, 41 results (85%) were 
concordant between the Amniostat-FLM kit and thin- 
layer chromatography. This included 33 in which both 
were negative and 8 in which both were positive. ‘The 
7 discordant results involved 6 tests positive by thin- 
layer chromatography but negative by Amniostat-FLM 
and 1 test with a negative thin-layer chromatographic 
result but a positive Amniostat-FLM result. 

In the 42 amniotic fluid samples obtained by amnio- 
centesis, 39 results (93%) were concordant, 11 in which 
both were negative and 28 in which both were positive. 
The 3 discordant samples were all positive by thin-layer 
chromatography and negative by Amniostat-FLM. This 
resulted in an overall concordance rate of 80 of 90 
samples, or 89% (Table I). These results were very sim- 
ilar to those found in the other studies that have eval- 
uated the Amniostat-FLM kit (Table IJ). , 

If the 18 noncontaminated amniocentesis fluid sam- 
ples from patients with diabetes were removed from 
statistical analysis, the overall concordance rate was still 
89% (64 of 72) for the vaginal pool fluids and contam- 
inated amniocentesis fluids. 

A total of 28 samples were contaminated with blood, 
11 vaginal pool samples and 17 samples collected by 


amniocentesis. The overall concordance rate in the 
group contaminated with blood only was 26 of 28, or 
93%. For meconium-contaminated fluids, the concor- 
dance rate was 7 of 7, or 100%. 

Twenty-six transabdominal amniocentesis samples 
were collected from a total of 25 patients with insulin- 
dependent diabetes. Eighteen samples had no contam- 
ination, 7 were contaminated with blood, and 1 was 
contaminated with meconium. The overall concor- 
dance rate in the patients with insulin-dependent dia- 
betes was 23 of 26, or 89%. 

Sixty-seven of the 87 infants were delivered within 
72 hours of the test. There were no cases of RDS/HMD 
in the presence of a positive phosphatidylglycerol result 
determined by thin-layer chromatography or by the 
Amniostat-FLM kit. Three cases of true RDS/HMD 
occurred in the negative phosphatidylglycerol group, 
all of which required treatment for more than 3 days. . 
An additional five infants required significant oxygen 
therapy (>35% forced inspiratory oxygen) for more 
than 24 hours and had clinical signs of RDS but a chest 


_ x-ray film that was not diagnostic of HMD. These ad- 


ditional five cases requiring significant oxygen therapy 
also occurred in the phosphatidylglycerol-negative 
group (Table III). In fact, only one infant delivered in 
the phosphatidylglycerol-positive group required oxy- 
gen therapy beyond the delivery room. This case in- 
volved an emergency delivery after a prolapsed cord, 
with Apgar scores of 1, 4, and 6 at 1, 5, and 10 minutes, 
respectively. This infant, however, was breathing room 
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Table V. Comparison of studies that looked at risk of RDS/HMD in the presence or absence of 


phosphatidylglycerol by Amniostat-FLM kit 





Negative results 









Positive Results 





No. with No. with 
No. RDS/ HMD % No. RDS/ HMD % 
Garite et alf (1983) 21 8 38 53 0 0 
Lockitch et al’ (1984) 21 8 38 28 0 0 
Halvorsen and Gross? (1985) 19 5 26 100 0 0 
Towers and Garite* (current) 35 3 9 “B2 0 0 
TOTAL 96 24 25 213 0 0 





*New, ultrasensitive Amniostat-FLM kit. 


air by 10 hours of age and was extubated by 22 hours 
of age. 

Of the 29 vaginal pool specimens that were evaluated 
by Papanicolaou smear for the detection of sperm, no 
sperm were detected in the 16 samples in which phos- 
phatidylglycerol was negative by thin-layer chromatog- 
raphy and the Amniostat-FLM kit. In the remaining 
13 samples in which phosphatidylglycerol was positive 
by the Amniostat-FLM kit and/or thin-layer chroma- 
tography, one case was positive for detection of sperm. 
This specimen had a high positive Amniostat-FLM re- 
sult as well as a strongly positive spot for phosphati- 
dylglycerol by thin-layer chromatography. This child 
was delivered within 24 hours of testing and did not 
develop RDS/HMD. 


Comment 


A major concern in testing for fetal pulmonary ma- 
turity is the risk of a false-positive result. In all five 
studies that have evaluated the Amniostat-FLM kits for 
the detection of phosphatidylglycerol, no case of hva- 
line membrane disease has occurred in the presence 
of a positive test result. One case occurred in the pres- 
ence of a positive phosphatidylglycerol as determined 
by thin-layer chromatography, but this was explained 
by an error in the testing method, as previously 
reported.” 

The possibility of a false-positive result may be more 
likely in vaginal pool specimens. Possible explanations 
for this include the presence of certain bacteria," such 


as some strains of Escherichia coli, as well as the presence ` 


of seminal ejaculate. Because vaginal flora contain a 
large number of different bacteria, a good screening 
test for these phosphatidylglycerol-producing organ- 
isms is not possible due to culture contamination. A test 
for the detection of seminal fluid, however, is the Pa- 
panicolaou smear, which can test for the presence of 
sperm. Of the 29 samples evaluated, in only one case 
was sperm detected. This case also was positive for 
phosphatidylglycerol by the Amniostat-FLM kit and 
thin-layer chromatography. The infant, however, did 


well. This woman was the only one in the group tested 
who gave a recent history of intercourse (within the last 
24 hours). This therefore raises the possibility that a 
false-positive result for phosphatidylglycerol might oc- 
cur in vaginal pool fluid contaminated with seminal 
ejaculate. However, no phosphatidylglycerol was de- 
tected in seminal fluid by Poulos and White," nor by 
Romem et al.,'" who further showed no variation in 
thin-layer chromatographic results for phosphatidyl- 
glycerol but did show that the L/S ratio was significantly 
decreased. Thus the presence of seminal ejaculate 
should not alter phosphatidylglycerol results; however, 
only one case was evaluated in this study by this new 
kit. If a patient is being evaluated for preterm pre- 
mature rupture of membranes and vaginal fluid is ob- 
tained for determinations of the presence of phospha- 
tidylglycerol, a proposal might be to look for the pres- 
ence of sperm by Papanicolaou smear, especially if 
there is a recent history of intercourse. If sperm are 
present and the Amniostat-FLM test is positive, thin- 
layer chromatography might also be performed to con- 
firm the result. 

The reliability of phosphatidylglycerol testing in am- 
niotic fluid contaminated by blood was previously re- 
ported by Strassner et al.'* Good reliability was also seen 
in our study, with no false-positive results. 

Several studies have shown conflicting reports on the 
effect of meconium on the L/S ratio.** Yambao et al." 
showed no difficulty with phosphatidylglycerol analysis 
in meconium-stained fluid except when it was heavily 
contaminated (#50% meconium). Our study had 100% 
concordance (with small numbers, 7 of 7) and was 
similar to two of the other studies evaluating the 
Amniostat-FLM test in which meconium-stained fluid 
was mentioned: Halvorsen et al. had 14 of 14 (100%) 
concordant results, and Benoit et al.” had 4 of 4 (100%) 
concordant results. 

A comparison of this study with the three other stud- 
ies that evaluated the risk of RDS/HMD in the presence 
or absence of phosphatidylglycerol by the Amniostat- 
FLM kit and by thin-layer chromatography was per- 
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Table VI. Risk of RDS/ HMD in the case of discordant results between thin- ane chromatography and the 
Amniostat-FLM method of phosphatidylglycerol testing 





Garite et alf (1983) 193 
Lockitch et al’ (1984) 88 
Halvorsen and Gross? (1985) 180 
Benoit et al® (1986) 161 
Towers and Garitef (current) 90 

TOTAL 712 


| TLC +, AFLM = +, AFLM — 


No. a 
RDS/ HMD 





TLC —, AFLM + 







No. with 
RDSI HMD 


5 0 
0 4 0 
0 3 0 
\* 0 0 
0 1 0 
1* 13 0 





TLC, Thin-layer chromatography; AFLM, Amniostat-FLM. 


*Error in thin-layer chromatographic testing method.” 
+New, ultrasensitive Amniostat-FLM kit. . 


formed. These are the only studies that used similar 
criteria for the diagnosis of RDS/ HMD as well as infants 
delivered within 72 hours of testing. No case of 
RDS/HMD occurred in the presence of a positive phos- 
phatidylglycerol result by either thin-layer chroma- 
tography or the Amniostat-FLM kit. The risk of 
RDS/HMD in the presence of a negative phosphati- 
dylglycerol result by thin-layer chromatography and 
Amniostat-FLM, however, was only 27% and 25%, re- 
spectively (Tables IV and V). 

Discordant results between the Amniostat-FLM kit 
and thin-layer chromatography were also examined in 
all five studies for the development of RDS/HMD. No 
case of RDS/HMD occurred when the result from thin- 
layer chromatography was negative and that from the 
Amniostat-FLM was positive. One case occurred in the 
thin-layer chromatography—positive and Amniostat- 
FLM-—negative group, but this was explained by an er- 
ror in the thin-layer chromatographic method (Table 
VI). 

Despite the lower threshold of phosphatidylglycerol 
necessary for a positive result in this new, ultrasensitive 
test, the concordance rates were not significantly in- 
creased. A possible explanation for this finding could 
be that the number of cases in which the amount of 
phosphatidylglycerol falls between 0.5 and 2.0 pg/ml 
is small. Also, this study was performed on the worst 
fluid samples (vaginal pool fluid and contaminated am- 
niocentesis fluid), and concordance might have been 
higher with uncontaminated samples. Of major im- 
portance, however, is that this lower threshold did not 
result in the development of false-positive results even 
in the worst possible fluid samples. 

Based on these results, the new Amniostat-FLM kit 
is an excellent test that can be used by all hospitals and 
especially those that do not have 24-hour availability of 
the more difficult fetal maturity tests, such as L/S ratio 
determinaticns and two-dimensional thin-layer chro- 


matography for phosphatidylglycerol. In those hospi- 
tals that use two-dimensional thin-layer chromatogra- 
phy and choose to continue to provide the service, the 
ultrasensitive Amniostat-FLM test might be used as the 
initial screen beginning at or above a certain gestational 
age where cost-effectiveness is reached. In this screen- 
ing system, the thin-layer chromatographic method 
would only be used after a negative result by the 
Amniostat-FLM. Cost-effectiveness, however, depends 
on the individual hospital’s charge to the patient for 
each test. At Memorial Womens Hospital, use of the 
Amniostat-FLM test as the initial test (performing thin- 
layer chromatography only when Amniostat-FLM re- 
sults are negative) begins at 33 to 34 weeks’ gestation. 


- Cost to the patient is $40 to $59; cost to the hospital is 


$27.50 per kit. 

In conclusion, due to the rapid availability of test 
results, simplicity of the test, and reliability of results 
even in contaminated samples, the new, ultrasensitive 
Amniostat-FLM kit is an excellent test for the detection 
of phosphatidylglycerol when fetal maturity testing is 
needed in the management of obstetric patients. 


Special thanks to the Long Beach Memorial Pathol- 
ogy Department, especially M. Itano, MD, J. Symons, 
MT, and T. White, MT. 
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Molecular diagnosis of genital human papillomavirus infection: 


Comparison of two methods used to collect exfoliated 


cervical cells 


Sten H. Vermund, MD, MSc, Mark H. Schiffman, MD, MPH, Gary L. Goldberg, MD,° 
Diane B. Ritter, MD,‘ Andre Weltman, BA; and Robert D. Burk, MD** 


Bronx, New Yerk, and Bethesda, Maryland 


Human papillomavirus infection is implicated as an etiologic agent in the development of neoplasia and 
invasive carcinoma of the cervix. To detect human papillomavirus infection of the cervix, cells must be 
collected and assayed for human papillomavirus—related deoxyribonucleic acid sequences. Gynecologists 
and other clinical investigators generally use an exocervical spatula scrape and an endocervical swab fo: 
cell collection, analogous to Papanicolaou smear collection. However, inadequate cell recovery is common. 
To overcome this problem, we have developed the cervicovaginal lavage method for human papillomavirus 
detection. In the present study we compared the cervicovaginal lavage method with the widely used 
scrape-swab method in 48 women referred for colposcopic examination. After a Papanicolaou test, two 
samples were obtained from each woman, either with cervicovaginal lavage followed by scrape-swab or 
with the scrape-swab followed by cervicovaginal lavage. Human papillomavirus types were assessed by 
restriction analysis and Southern blot hybridization. In 21 women (44%) test results were positive for 
human papillomavirus with both the scrape-swab and cervicovaginal lavage cell collection methods; in nine 
women (19%) test results were positive only with the cervicovaginal lavage method; and in 18 women 
(38%) results were negative for human papillomavirus with both techniques. None of the women had 
human papillomavirus detected by scrape-swab without also having it detected with cervicovaginal lavage. 
The human papillomavirus deoxyribonucleic acid types identified were concordant in the 21 women whose 
infections were detected with both sampling methods, although the second virus type was detected only 
with cervicovaginal lavage in one woman who had a mixed genital tract infection. We concluded that 
cervicovaginal lavage is a more sensitive cell collection method than the scrape-swab technique for 
assessing human papillomavirus infection-of the cervix. (Am J OpsteT GyNEcoL 1989;160:304-8.) 


Key words: Papillomavirus, cervical diseases, epidemiology, women 


There is increasing evidence that human papillo- 
mavirus (HPV) infection of the cervix is associated with 
the development of cervical cancer." ? Specific types 
of HPV deoxyribonucleic acids (DNA) (e.g., 16, 18, 
31, 33, 35) are commonly found in cervical cancer 
tissues,°* in premalignant cervical lesions,** and, less 
commonly, in cervical epithelium appearing normal 
both on colposcopic ‘examination and in biopsy speci- 
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mens.’ Laboratory studies ind:cate that the DNA of 
certain types of HPV, including HPV 16, contains ge- 
netic information that is capable of transforming cells 
in culture.” Further laboratory work and prospective 
epidemiologic studies are needed to determine putative 
cause-and-effect relationships between HPV and cer- 
vical cancer. 

To date, the methodology of HPV DNA detection in 
cervical cells has not been systematically examined. 
Since HPV cannot be propagated in culture or reliably 
identified by immunologic methods, only detection of 
viral DNA gives sensitive and direct assessment of viral 
presence." At least three methods of HPV DNA iden- 
tification have been described: dot blot, filter in situ 
hybridization, and Southern blot.” Restriction enzyme 
analysis, coupled with Southern blot hybridization, is 
the most sensitive and specific method." 

An additional consideration of methodology is the 
clinical technique used to collect the cellular material 
for DNA analyses. Although direct collection of tissue 
by biopsy may be preferable in some circumstances, a 
noninvasive test offers a variety of advantages for large 
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Table I. Ordering effects on cell sample recovery from cervix and posterior vagina with 


scrape-swab method 


0-5 pl 
Order of tests 
Scrape-swab first © 13 48 
Scrape-swab second 14 67 


Scrape-swab cell volume 





Table II. Ordering effects on cell sample recovery from cervix and posterior vagina with 


cervicovaginal lavage 


Cervicovaginal lavage cell volume 


10-50 pl 51-100 pl 101-600 jl Total 


n %o 
Lavage first | 9 43 5 
Lavage second 8 30 


studies and screening. For cytologic examination, there 
is a scientific and clinical consensus for the Papanico- 
laou technique of sampling cervical cells by an exo- 
cervical scrape in combination with a swab of the en- 
docervical canal.’ However, this technique may not 
yield enough exfoliated epithelial cells for HPV as- 
sessment by DNA hybridization and Southern blot, par- 
ticularly when the scrape and swab are taken after the 
routine Papanicolaou smear is obtained (unpublished 
data). To cope with this problem, we developed an al- 
ternative technique, the cervicovaginal lavage. Our 
technique allows more reliable sampling of exfoliated 
cells for HPV testing after Papanicolaou smear.’ The 
present study assesses the relative sensitivity of HPV 
DNA detection in the cervix and posterior vagina with 
the use of the cervicovaginal lavage cell collection 
method compared with the widely used scrape-swab 
method of cell collection. 


Methods 


Forty-eight women, newly referred to a colposcopy 
clinic in the Bronx, New York, gave written informed 
consent and were entered into the study, which was 
approved by the hospital’s Institutional Review Board. 
No patients declined to participate. All patients were 
examined by a single gynecologist (G. L. G.). A standard 
Papanicolaou smear was obtained for cytologic testing, 
and then each of the two study methods was used to 
collect cervical cells for HPV testing. Patients were ran- 
domized by the last digit of their medical record num- 
bers into two groups: 27 of the 48 women had scrape- 
swab for HPV followed by cervicovaginal lavage, and 
21 women had cervicovaginal lavage followed by 
scrape-swab. In this way, each woman served as her 


12 


24 7 33 21 100 
44 7 26 27 100 


own control, and ordering effects could be assessed by 
comparing the two groups. For the scrape-swab tech- 
nique, a wooden cervical spatula was rotated 360 de- 
grees twice around the cervical os, and a cotton-tipped 
swab was inserted and rotated 360 degrees twice inside 
the endocervical canal. The spatula tip and cotton swab 
were then vigorously shaken, to dislodge cells, in 10 ml 
of a 0.9% sodium chloride and 50 mmol/L ethylene- 
diaminetetraacetic acid (EDTA) solution in a 50 ml 
polypropylene tube. For the cervicovaginal lavage 
method, 10 ml of sterile saline was sprayed against the 
cervical os and the exocervix with a syringe that had a 
2-inch 18-gauge Teflon extension catheter. The fluid 
that pooled in the posterior vaginal fornix was aspirated 
into the syringe and transferred to a 50 ml polypro- 
pylene tube containing 1 ml of 0.5 mol/L EDTA. Cer- 
vicovaginal lavage and scrape-swab specimens were re- 
frigerated at 4° C until they were processed. Cellular 
material was quantitated by determining the packed 
volume of cells after centrifugation at 13,000 rpm for 
5 minutes. DNA was then extracted as previously 
described’ and resuspended in 30 wl of TE buffer (10 
mmol/L Tris, pH 8.0, and 0.1 mmol/L EDTA). 

For detection of HPV DNA, 10 pl of the unknown 
sample DNA was digested with the Pst I restriction 
enzyme under conditions specified by the supplier, 
New England Biolabs. DNA fragments were separated 
by electrophoresis in 0.8% agarose slab gels. DNA was 
visualized after being stained with ethidium bromide 
and photographed under exposure to ultraviolet light. 
A Southern blot hybridization was then performed with 
a mixed probe of HPV 11, 16, 18, and 31 DNA inserts 
tagged with phosphate 32, as previously described.’ Af- 
ter exposures of 2 to 14 days, the autoradiographs were 
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Table III. Association of HPV detection of infection and cell sampling strategy 


Cervicovaginal 


HPV pos. 21 
HPV neg. | 0 
TOTAL 2] 


p = 0.004 (McNemar’s test). 


interpreted by two independent examiners, masked to 
the origin of the specimens. © | 

To assess the statistical significance of the difference 
in HPV diagnosis between the scrape-swab method and 
the cervicovaginal lavage method, we used McNemar’s 
test for correlated proportions. '*- "Two-tailed Fischer’s 
exact test was ‘used for testing the significance of dif- 
ferences between cell volumes in persons sampled i in 
different orders." 


Results 


Quantitation of cellular recovery. More cellular ma- 
terial was obtained with the cervicovaginal lavage col- 
lection method than with the scrape-swab method. The 
median cell volume for scrape-swab was 5 pl, the mean 
was 7.9 + 8.6 wl (SD), and the range was 0 to 50 wl. 
Eleven (23%) of 48 scrape-swab specimens had no de- 
tectable cell pellet. Cervicovaginal lavage yielded ’a six- 
teenfold greater median cell volume of recovered sam- 
ple. The median cell volume for cervicovaginal lavage 
was 80 pl, the mean was 136 + 154 wl(+SD), and the 
range was 10 to 600 wl. Higher cervicovaginal lavage 
cell yields were seen in 45 of 48 patients (94%), the 
same yield was noted in 2 of 48 patients, and a higher 
scrape-swab yield was seen in 1 patient. 

The ordering in which tests were administered in- 
fluenced cell recovery only slightly (Tables I and II). 
The percentage of samples with cell volumes <5 pl was 
higher when the scrape-swab method was used second 
(67%) than when it was used first (48%, p = 0.2, Fisch- 
er’s exact test). However, cervicovaginal lavage cell yield 
was lower (10 to 50 wl) in the group who had the cer- 
vicovaginal lavage method first (43%) compared with 
30% in the group who had the cervicovaginal lavage 
method second (30%, p = 0.4, Fischer’s exact test). A 
markedly lower overall rate of cell recovery by scrape- 
swab was seen regardless of order of tests. 

DNA recovery. Thirty-seven (77%) of 48 scrape- 
swab specimens had visible cell pellets. Of the 37, 28 
(58% of total) had visible DNA on ethidium bromide 
staining. In comparison, 47 (98%) of 48 cervicovaginal 
lavage specimens showed both: a visible cell pellet and 
DNA on the ethidium bromide-stained gel. Seven of 
the nine HPV-infected women with negative results for 


lavage HPV pos. -HPV neg. Total 


Scrape-swab technique 


Q 30 
18 18 
27 ' 48 


HPV in scrape-swab samples (see below) also had no 
detectable DNA in those samples. 

HPV DNA detection. In 21 of 48 women (44%), HPV 
DNA was detected in samples collected with both the 
scrape-swab arid the cervicovaginal lavage techniques. 
Eighteen women (38%) had negative results with both 
techniques (Table III). Concordance was found there- 
fore in-39 of 48 women (81%). Nine women (19%) had 
virus detected in the cervicovaginal lavage sample but 
not in the scrape-swab sample. In none of the women 
was the virus detected in the scrape-swab sample alone. 
The discordant findings in nine patients are unlikely 
to have occurred by chance (p = 0.004, by McNemar’s 
test). Of these nine patients, four had undergone cer- 
vicovaginal lavage preceding scrape-swab, whereas 5 
had been tested by the scrape-swab method first. If only 
specimens with readily apparent cell pellet and DNA 
are considered, 16 (57%) of 28 scrape-swab specimens 
were HPV positive, compared with 30 (64%) of 47 cer- 
vicovaginal lavage specimens. Five of the 20 women 
(25%) whose scrape-swab specimens had no visible cell 
pellet or no visible DNA on ethidium bromide-—stained 
gel nevertheless had demonstrable HPV infection. The 
one cervicovaginal lavage specimen that had no visible 
pellet and no visible DNA was HPV negative. 

An example of HPV DNA detection in clinical sam- 
ples by restriction analysis and Southern ‘blot hybridi- 
zation is shown in Fig. 1. Samples from cervicovaginal 
lavage (L) and scrape-swab (S) were run side by side, 
so that HPV DNA types could be directly compared. 
Patient 33A had no detectable HPV DNA in either 
sample. Patients 32, 33, 34, 35, and 36 were infected 
with HPV (Fig. 1). Comparison of the bands in lanes 
L and S for each patient indicated that the types iden- 
tified were similar. In some cases the DNA was not 
completely digested (32S, 33S, 36S) and produced 
slower migrating hybridizing fragments. It is interest- 
ing that the concentration of viral DNA observed in a 
number of the scrape-swab samples was much greater 
than that observed in the cervicovaginal lavage samples 
(compare the amount of ethidium-stained DNA in the 
top panel of Fig. 1 with the hybridization signal in the 
bottom panel of Fig. l-in lanes L and S for panen 32, 
33, and 36). 
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The virus types detected in the 21 women with pos- 
itive test results for HPV were consistent between both 
specimen-gathering techniques, with. type 16 the most 
commonly found. Of the nine samples found positive 
by cervicovaginal lavage alone, five contained HPV 16, 
two contained HPV 18, and two contained other HPV 
types. One of these 21 women had a second virus that 
was detected with the cervicovaginal lavage method but 
was not seen with the scrape-swab method (data not 
shown). 


Comment - 


The identification and; cloning of HPV DNA from 
cervical cancer by Gissmann and zur Hausen,'*® using 
molecular hybridization: and recombinant DNA tech- 
niques, have led to increased interest.in this virus. In- 
vestigators agree that HPV is of considerable impor- 
tance in the etiology of cervical cancer, although details 
of the necessary co- -factors or alternative routes in car- 
cinogenesis are not clear.' Assessment of HPV status is 
useful in epidemiologic, chemotherapeutic, and pre- 
ventive studies and may prove useful in selected areas 
of clinical and. public health screening. For epidemio- 
logic and clinical investigations, maximum sensitivity of 
virus detection is highly desirable. The present study 
demonstrates that the cervicovaginal lavage is superior 
to the scrape-swab technique in detecting HPV DNA 
from the cervix and lower genital tract. Nine of 30 


infected women had negative test results for HPV when - 


scrape-swab was used. Seven of the nine women: with 
negative test results had no detectable DNA derived 
from the clinical specimens. In these specimens, a 
“quantity not sufficient” reading would have been a 
more accurate laboratory report than a negative read- 
ing. The greater sensitivity of the cervicovaginal lavage 
method seemed directly related to sample adequacy. 
Among the specimens with visible cell pellets and DNA 
evident-on ethidium bromide gel, the two methods 
yielded comparable rates of HPV infection. 

It is interesting that five of 20 patients who, had no 
detectable cell pellets when the scrape-swab ` was used 
or no visible DNA nonetheless had positive test results 
for HPV. Clearly, the absence of visible cell pellet Or 
apparent DNA on ethidium bromide staining does not 
mean that DNA is totally absent. Nine of 37 samples 
with small cell pellets {<10 wl) did not have recoverable 
DNA. A number of stages in the laboratory procedures 
(e.g. DNA extraction with phenol-chloroform, precip- 
itation in ethanol, or resuspension of the DNA pellet 
in TE buffer) may have accounted for this, or. alter- 
natively the “cell pellet” may have consisted largely of 
amorphous noncellular material. 

With the cervicovaginal lavage’ method, cells from 
transformation zone epithelium, where most cervical 
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Fig. 1. Southern blot detection of HPV DNA in cervical sam- 
ples. DNA was extracted from cellular material. Approxi- 
mately 5 to 10 ug (when available) or one half of recovered 


DNA was digested with Pst I and subjected to electrophoresis 


on agarose gel. Top panel shows ethidium bromide-stained gel 
exposed to ultraviolet light. Bottom panel shows corresponding 
autoradiograph of Southern blot of gel hybridized with mixed 
probe of HPV 11, 16, 18, and 31 DNA inserts. Numbers refer 
to patients. Lanes designated L correspond to DNA isolated 
from cervicovaginal lavage, and S lanes correspond to DNA 
isolated from scrape-swab. Marker is Hind I1I—digested 


A-DNA and bands are 23.1, 9.4, 6.6, 4.4, 2.3, and 2.0 kb from 


top to bottom. Samples 32S, 33S, and 36S are incompletely 
digested. 


cancers are presumed to arise, are sampled. The cervi- 
covaginal lavage method also samples cells from a 


larger surface area of exfoliating cervical and vaginal 


epithelium. This raises a theoretical concern that HPV 
infection detectd by cervicovaginal lavage alone might 
not. be relevant to the cervical transformation zone. 
However, another. study by members of our group 
demonstrated 96% concordance between virus type de- 
rived from cervicovaginal lavage and concurrent cer- 
vical biopsy.” Additional types of HPV detected with 
the cervicovaginal lavage method. but missed by the 
scrape-swab method include types 16, 18, or 16-related 
HPV, which are potentially carcinogenic. Whereas the 
epithelial origin.of the virus in the nine discordant pairs 
is unknown, the high concordance of virus types be- 
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tween the two sampling techniques would imply that 
the cervicovaginal lavage method is detecting infections 
that originate from or at least are relevant to the cervix. 
Most clinical and epidemiologic: studies would benefit 
from the larger yield of cells provided by the cervico- 
vaginal lavage to ensure that genital tract infections are 
not missed. Studies that only wished to sample cells 
from the transformation zone could preferentially 
choose the scrape-swab technique. 

Studies in which “quantity not sufficient” specimens 
are deleted from the analysis must be viewed with cau- 
tion because the present study showed a high rate of 
absence of cervical cells and DNA with the widely used 
scrape-swab technique. Recent data suggest that women 
with cervical lesions are more likely to have insufficient 
cell yield with scrape-swab techniques than women who 
do not have such lesions (M.H.S. unpublished data). 
Deleting “quantity not sufficient” specimens from the 
analysis may introduce serious bias into clinical studies 
of HPV infection. This bias is minimized with the more 
sensitive cervicovaginal lavage technique. 


We thank Drs. Servio Calderin and Seymour Romney 
for their help in developing the cervicovaginal lavage 
technique. Ms. Ana Martinez, Ms. Maria Chiodi, RN, 
and Ms. Barbara Aiken provided nursing, clerical, and 
manuscript preparation assistance. Dr. Louise Brinton 
kindly reviewed the manuscript. Drs. Lutz Gissmann, 
Harald zur Hausen, and Attila Lorincz provided mo- 
lecular probes. 
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Gentamicin dosing in postpartum women with endometritis 


Gerald G. Briggs, BPharm,** Peter Ambrose, PharmD,*” and Michael P. Nageotte, MD" 


Long Beach and San Francisco, California 


Postpartum women receiving gentamicin for endometritis were studied to determine if selective 
determination of gentamicin serum levels was cost-effective in terms of safety and efficacy. The women 
were randomized into two groups of 30 patients each. In the control group gentamicin serum levels were 
determined after the third dose. In the study group, levels were determined only if renal dysfunction was 
evident or if the patient failed to respond to therapy. Determination of serum levels did not assure a better 
therapeutic outcome in either group, as measured by hospital stay, duration of treatment, total cost of 
antibiotics, and hospital readmissions. Although pharmacokinetic dosing equations were used, the use of 
1.75 mg/kg every 8 hours based on actual body weight in patients with average heights and weights 
would have produced acceptable results. We conclude that routine monitoring of gentamicin serum levels 
is not required in otherwise healthy postpartum women with endometritis. (AM J OBSTET GYNECOL 


1989;160:309-13.) 


Key words: Endometritis, gentamicin, dosing regimens, serum levels 


Gentamicin, an aminoglycoside antibiotic, is often 
used in combination with other antibiotics for the treat- 
ment of postpartum endometritis. This agent has 
proved effective and is one of the least expensive par- 
enteral antibiotics available. Although both nephrotox- 
icity and ototoxicity may occur with excessive serum 
gentamicin concentrations, this is rarely a problem dur- 
ing the usual short-term therapy required for postpar- 
tum endometritis. To the contrary, after dosing with 
the usual regimens, low gentamicin levels occur due to 
the increased glomerular filtration rate and volume of 
distribution that are physiologic consequences of preg- 
nancy. Because of these factors, determination of at 
least one set of peak and trough gentamicin levels is 
recommended for all postpartum women to assure 
therapeutic drug concentrations.'* However, the cost 
of these determinations is relatively high, thereby off- 
setting much of the savings realized from the use of 
this antibiotic. Therefore we have routinely determined 
gentamicin serum levels only in selected patients: those 
who fail to respond to therapy within 24 hours and 
those with any degree of renal dysfunction. 

The objectives of this study were twofold: (1) to de- 
termine if selective sampling was comparable in safety 
and efficacy to sampling all women treated with gen- 
tamicin for postpartum endometritis, and (2) to deter- 
mine if the apparent savings realized by selective sam- 
pling was offset by longer hospital stay. 
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Material and. methods 


The study protocol was approved in accordance with 
the ethical standards of the hospital’s committees on 
human experimentation. A total of 60 women in the 
immediate postpartum period (within 5 days of deliv- 
ery) were prospectively enrolled in the study (30 in each 
group) between April 1987 and September 1987, pro- 
vided their physician agreed and the following criteria 
were met: (1) they were diagnosed as having endo- 
metritis, (2) intravenous gentamicin therapy has been 
ordered, (3) they were not receiving other potentially 
renal-toxic drugs, and (4) informed consent was ob- 
tained. All gentamicin doses and serum level deter- 
minations were ordered by the pharmacy staff in Wom- 
en’s Hospital. Antibiotic therapy in addition to genta- 
micin was not controlled but its use was tabulated. 

Patients were randomized to one of two groups. 
Loading gentamicin doses were calculated to obtain an 
estimated peak concentration of 8 pg/ml, followed by 
maintenance doses at 8-hour intervals to produce peak 
levels of 7 to 8 pg/ml and trough levels less than 1.5 
ug/ml. All doses were mixed with 30 to 60 ml dextrose 
5% in water (volume dependent on concentration of 
gentamicin) and infused intravenously over 30 minutes. 
Serum samples were drawn both 30 to 60 minutes after 
infusion of a dose and 4 hours thereafter. Because of 
the rapid half-life in this patient population, the time 
of the second gentamicin level was set at 4 hours so 
that a measurable concentration was obtained and 
pharmacokinetic parameters could be determined ac- 
curately. Samples obtained at the time of the actual 
trough invariably contain concentrations below the sen- 
sitivity of the assay and cannot be used for pharma- 
cokinetic calculations. All samples were placed imme- 
diately on ice arid frozen until analysis. Levels were 
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Table I. Demographic data 


Control group Study group 
(n = 28) (n = 28) 
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Characteristic p Value 

Age “yr) 26.1 + 4.9 27.6 + 6.6* 0.17 
Height (cm) 159.5 + 9.6 162.0 + 6.3* 0.13 
Actual body weight 78.9 + 17.5 82.8 + 26.1* 0.26 

(kg) 
Idea body weight (kg) 52.4 + 7.4 54.3 + 5.7* 0.14 
Gravidity 3.0 + 1.8 2.7 + 1.7* 0.26 
Parity 2.0 + 1.6 L8 £ 1.1 0.29 
Race 

White 20 (71%) 16 (57%) 0.40 

Black 4 (14%) 7 (25%) — 

Latin 2 (7%) 3 (11%) = 

Asian 2 (7%) 2 (7%) — 
Clinic patients 1 (4%) O+ 0.50 


Data are the mean + SD. 


determined by the laboratory once daily by a radio- 
immunoassay (Diagnostics Products, Los Angeles, 
Calif.) with a coefficient of variation of 16% at a con- 
centration of 1.0 pg/ml and of 8% at a concentration 
of 6.5 pg/ml. | 

In the control group, gentamicin levels were mea- 
sured after the third dose. Subsequent doses and dosing 
intervals were adjusted, if necessary, to maintain peak 


concentrations in the 7 to 8 pg/ml range and trough ` 


concentrations less than 1.5 pg/ml. For patients in the 
study group, gentamicin levels were measured only if 
at least one of three conditions was present: (1) the 
patient had renal impairment as evidenced by two suc- 
cessively measured serum creatinine values above 1.0 
mg/dl drawn 24 hours apart, (2) the patient had only 
one functioning kidney, or (3) the patient still had fe- 
brile morbidity 24 hours or more after the first dose 
of gentamicin. When gentamicin levels were measured 
in the study group, subsequent doses of the antibiotic 
were adjusted as in the control group. 

Endometritis was diagnosed on the basis of febrile 
morbidity, foul-smelling lochia, unusual uterine and 
parametrial tenderness, and no laboratory or physical 
evidence of infection at another source.’ Febrile mor- 
bidity was defined as an oral temperature of 100.4° F 
(38.0° C) or greater measured twice, at least 4 hours 
apart, excluding the first 24 hours. Wound infection 
was defined as drainage, purulence, or cellulitis in the 
wound of a febrile patient. A diagnosis of urinary tract 
infection was made if more than 100,000 organisms 
per milliliter were present in a clean-catch urine spec- 
imen or one obtained by catheterization. 

Serum creatinine levels were determined in all pa- 
tients before the first dose of gentamicin and then re- 
peated at 3-day intervals as long as the patient was 
receiving gentamicin. Initial serum creatinine values 
greater than 1.0 mg/dl were repeated in 24 hours. 
Other laboratory tests, ordered at the discretion of the 


attending physician, included complete blood counts, 
urinalysis, and appropriate bacterial cultures. 

Standard equations were used to calculate the initial 
and maintenance doses of gentamicin and the various 
pharmacokinetic parameters.’ 

Statistical analysis of the study data was by x? analysis 
with Yates’ correction, the Fisher exact test, the Student 
t test, or a paired ¢ test. Significance was determined by 
p < 0.05. 


Results 


Four patients, two in each group, were excluded from 
analysis. One patient was excluded based on age (14 
years), because the procedures for estimating phar- 
macokinetic parameters were not designed for patients 
less than 16 years old. The other three patients were 
excluded because the diagnosis of endometritis was 
changed by the attending physician after the ‘start of 
therapy. 

There were no statistical differences between the 
groups in demographic characteristics (Table I) or ce- 
sarean section rate, risk factors for infection, and site(s) 
of infection (Table II). Thirty-three (18 controls and 
15 in the study group) of 48 (68%) patients delivered 
by cesarean section were given cephalosporins for pro- 
phylaxis immediately after surgery. Two patients (1 
control and 1 study patient) received prophylactic am- 
picillin. Although their use was not controlled, the an- 
tibiotics used with gentamicin (Table III) were similar 
for the two groups. Of the 28 patients not receiving an 
initial antibiotic to cover enterococcus infection (i.e., 
ampicillin), six had ampicillin added within 24 to 48 
hours because of continuing fever. Each of the six pa- 
tients had received cephalosporin prophylaxis. Bacte- 
rial culture materials were obtained for 22 (79%) of the 
controls and for 21 (75%) of the study patients. No 
endometrial culture materials were obtained after sur- 
gery. Aerobic gram-negative bacilli were cultured from 
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Table II. Cesarean section rate: Obstetric complications, and site(s) of infection 


Control group Study group 
(n = 28) (n = 28) 


Cesarean section 

Complication 
Morbid obesity (>91 kg) 
Preterm labor 
Premature rupture of membranes 
Rupture of membranes >12 hr 
Pregnancy-induced hypertension 
Diabetes mellitus (insulin-requiring) 
Chronic hypertension 

Site(s) of infection 
Amnionitis 
Endometritis 
Urinary tract 
Wound 


p Value 
23 (82%) 25 (89%) 0.65 
4 8 0.19 
10 8 0.78 
13 14 1.00 
10 12 0.79 
5 6 1.00 
2 0 0.79 
2 2 1.00 
6 (21%) 8 (29%) 0.78 
28 (100%) 28 (100%) 1.00 
2 (7%) 1 (4%) 0.79 
0 1 (4%) 0.50 
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four patients (Escherichia coli [n = 2] and Morganella 
morgani [n = 1] from urine specimens, and Enterobacter 
cloacae [n = 1] from a placenta), and all were sensitive 
to gentamicin (minimum inhibitory concentration <0.5 
ug/ml). 

Gentamicin therapy was begun in both groups a 
mean 1.5 days post partum. Serum levels were mea- 
sured on (mean) postpartum day 2.5 for controls and 
2.9 for study patients (difference NS). Mean serum 
creatinine values were identical (0.8 mg/dl) for the two 
groups. No statistical differences were found between 
the groups for estimated pharmacokinetic parameters. 
Because only five patients in the study group had gen- 
tamicin levels determined, the pharmacokinetic data 
for gentamicin for all patients with levels (28 control 
and 5 in the study group) were pooled and compared 
(Table IV). Statistically significant differences were 
found for each comparison. Peak and trough genta- 
micin levels did not exceed 7.9 pg/ml and 1.0 pg/ml, 
respectively, in any patient. 

In those patients who had levels determined, gen- 
tamicin doses were increased for 13 patients (10 control 
and 3 study patients) to maintain peak levels in the 
desired range of 7 to 8 pg/ml. The mean peak con- 
centration in these patients before dose adjustment was 
5.8 pg/ml. In every case, however, the patients were 
afebrile (<100.4° F/38.0° C) before the dose was in- 
creased. In seven cases (6 control and 1 study patient), 
initial peak levels (mean 7.4 ug/ml) were within the 
targeted range of 7 to 8 pg/ml. In the remaining 13 
women (12 control and 1 study patient), gentamicin 
concentrations were less than the desired range (mean 
5.8 pg/ml), but the patients were afebrile and the in- 
travenous antibiotics had been discontinued by the at- 
tending physician shortly after the blood samples were 
drawn. 

The duration of gentamicin therapy, days hospital- 
ized after the start of gentamicin therapy, and the total 
antibiotic cost per patient were nearly identical for the 


Table III. Intravenous antibiotic regimens 















(n = 28) 
initial! final? 


(n = 28) 
initial final? 





Antibiotic regimen* 


Gentamicin + ampicillin 8/6 9/8 

Gentamicin + clindamycin 13/11 10/6 

Gentamicin + metronid- 1/1 2/2 
azole 

Gentamicin + cetazolin 1/1 1/1 

Gentamicin + clindamycin + 5/8 5/9 
ampicillin 

Gentamicin + metronid- 0/1 1/2 


azole + ampicillin 


*Dosages used: Ampicillin, 2 gm every 4 hr; cefazolin, 
l gm every 8 hr; clindamycin, 900 mg every 8 hr; and met- 
ronidazole, 1000 mg load, then 500 mg every 6 hr. 


+Change from initial to final antibiotic regimen occurred 
within 24 to 48 hours in each case. 


two groups of patients (Table V). The power of this 
study to detect a difference between the groups of 25%, 
35%, and 50% in days of hospital stay was 75%, 95%, 
and 99%, respectively. None of the patients were read- 
mitted to the hospital for an infection within 30 days 
of discharge. 


Comment 


Various strategies have been proposed for the dosing 
of aminoglycosides in pregnant or postpartum women. 
Most have attempted to allow for the increased renal 
clearance and volume of distribution that normally oc- 
cur in these patients. These strategies usually involve 
some type of pharmacokinetic dosing equations, fol- 
lowed by routine determination. of serum levels.’ 
Other methods involve dosing based on actual body 
weight (e.g., 1.0 to 1.5 mg/kg every 8 hours) either 
with*° or without” determination of serum levels. To 
our knowledge, none have attempted to administer 
therapy based on pharmacokinetic principles combined 
with selective determination of serum concentrations. 
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Table IV. Pooled actual versus estimated gentamicin pharmacokinetic data 





Estimated Actual 
(n = 33) (n = 33) 


Parameter p Value* 
Volume of distribution (L) 15.9 + 2.7 19.7 + 5.2 <0.001 
Volume of distribution (L/kg IBW). 0.31 + 0.03 0.58 + 0.09 <0.001 
Gentamicin clearance (ml/min) 92 + 18 129 + 29 <0.001 
Serum half-life (hr) 2.1 + 0.4 I.8 + 0.5 <0.05 
Gentamicin concentration (wg/ml) 
Peak 7. 2 6.1] + 1.1 <0.00] 
Trough 0. 3 0.4 + 0.3 <0.001 
Data are the mean + SD. 
IBW, Ideal body weight. 
Table V. Antibiotic cost, duration of gentamicin therapy, and hospital stay 
Control group Study group 
(n = 28) (n = 28) p value 
Duration of gentamicin 27h ae 2 200 ER] ` 0.50 
therapy (days) 
Days hospitalized after 35 E2 Jo 1] 0.90 
start of gentamicin 
Total antibiotic cost per 339 + 189 332 + 199 0.45 


patient ($) 





Data are the mean + SD. 


Some authors have suggested that the newer broad- 
spectrum ß-lactam antibiotics should be used because 
it is difficult to determine the aminoglycoside dose re- 
quired to reach therapeutic levels.? However, this ap- 
proach does not consider the higher cost that occurs 
from using these agents. At Memorial Medical Center, 
the acquisition cost of a typical gentamicin dose is $0.20 
to $0.30. Changing to more expensive drugs seems 
counterproductive in hght of tight budgetary controls. 

The published medical literature supports genta- 
micin peak and trough concentrations of 6 to 10 
pg/ml and 0.5 to 1.5 pg/ml, respectively, as being ef- 
fective.'’ The midrange of 7 to 8 pg/ml was chosen for 
calculations because prior experience at Memorial 
Medical Center indicated this would produce thera- 
peutic, but not potentially toxic, levels in this patient 
population. As predicted, true mean peak and trough 
levels were within the therapeutic ranges cited above. 
Although subgroups of patients had mean gentamicin 
concentrations less than 6.0 ug/ml, there was no de- 
tectable adverse effect of these subtherapeutic levels on 
patient outcome. In a previous study, similar patients 
responded to low gentamicin levels. The authors of 
that study speculated that the response may have been 
due to lack of infection with gram-negative bacilli or 
organisms very sensitive to gentamicin. Thus there was 
no demonstrable benefit from monitoring Beanie 
concentrations in this study. 

The use of gentamicin, 1.5 mg/kg actual bai weight 
every 8 hours, has been reported.® The use of this 


method in the present study would have resulted in 
mean doses of 120 mg every 8 hours with peak and 
trough levels of 6.0 and 0.4 pg/ml, respectively. These 
values are identical to the results obtained from phar- 
macokinetic calculations. Using 1.75 mg/kg actual body 
weight would have resulted ir doses and levels of 140 
mg every 8 hours, 7.0 and 0.4 pg/ml, respectively. With 
this higher dose, the only potentially toxic levels (peak 
11.5 ug/ml and trough 1.6 pg/ml) would have oc- 
curred in a patient substantially below (129.5 cm) the 
average (160.8 cm) height in zhis study. Two patients, 
both with average heights, would have had very low 
peak levels (4.1 and 3.5 pg/ml, respectively). Thus if 
gentamicin dosing based on dharmacokinetic param- 
eters is not available, a dose of 1.75 mg/kg actual body 
weight every 8 hours is recommended. Determinations 
of gentamicin serum levels are probably not needed 
unless the patient’s height or weight is much different 
from normal or if renal function is abnormal. 

‘Determining one set of peax and trough gentamicin 
levels at Memorial Medical Center costs approximately 
$150. During the 12-month Deriod immediately pre- 
ceeding this study, 209 patients with endometritis were 
treated with gentamicin. Measuring levels in all patients 
would have cost $31,350. By selective sampling, only 
46 (22%) of these patients had levels determined, with 
a cost of $6,900, a savings of $24,450. None of the 46 
patients had levels in the toxic range. Similar results 
have been produced annually since 1980. 

We conclude that, when gentamicin doses are deter- 
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mined by methods described herein, routine monitor- 
ing of gentamicin levels in women with endometritis 
and normal renal function. does not assure a better 
therapeutic outcome as measured by hospital stay, du- 
ration of treatment, total cost of antibiotics, and hospital 
readmissions. Large cost savings can be realized by 
monitoring levels only in selected patients as described 
in this study. Moreover, greater savings can result by 
waiting at least 48 hours after the start of therapy to 
determine levels in women with persistent febrile mor- 
bidity; additional studies are required to determine if 
even this interval is beneficial. Calculation of genta- 
micin dosage by pharmacokinetic principles lessens the 
risk that potentially toxic levels will occur in these pa- 
tients. In normal healthy patients, the use of 1.75 
mg/kg actual body weight every 8 hours can be used. 
Patients with body heights or weights much different 
from average should have serum levels determined. 
Any patient with abnormal renal function, regardless 
of the dosing method used, should also have serum 
gentamicin levels determined. 


We thank Wendy Dorchester, MS, for the statistical 
calculations. 


Gentamicin dosing in endometritis 
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Format of an obstetrics and gynecology journal club and four 


years’ experience 


Gary R. Thurnau, MD, and John I. Fishburne, Jr., MD 


Oklahoma City, Oklahoma 


Departmental journal clubs have experienced varied degrees of success and longevity. Although a high 
degree of enthusiasm is difficult to maintain, clear objectives are key factors that encourage active 
participation. In this report we present a journal club format that has demonstrated popularity and 4 years 
of longevity. On the basis of this experience, we believe a journal club forum offers medical students and 
residents the optimal opportunity to learn an approach to critical reading of medical reports. In addition, 
they gain understanding of experimental design and research protocols and ultimately acquire knowledge 
of the current medical literature. (AM J OssteT GYNECOL 1989;160:313-6.) 


Key words: Journal club, critical reading, experimental design, medical literature 


Historically, departmental journal clubs have expe- 
rienced varied degrees of success and longevity. Al- 
though a high degree of enthusiasm for a journal club 


From the Department of Obstetrics and Gynecology, University of 
Oklahoma College of Medicine. 

Received for publication Feb. 23, 1988; revised June 12, 1988; 
accepted July 29, 1988. 

Reprint requests: Gary R. Thurnau, MD, Associate Professor of Ob- 
stetrics and Gynecology, University of Oklahoma College of Med- 
icine, P.O. Box 26901, Oklahoma City, OK 73190. 


is difficult to maintain irrespective of the format (fac- 
ulty led or resident led),' clear objectives are key factors 
that encourage active participation.” These objectives 
include (1) the use of a checklist system? and format 
that enable one to select and read medical reports crit- 
ically, (2) provision of an opportunity for each resident 
to gain experience in evaluating journal articles, and 
(3) elucidation of criteria on how to detect and prevent 
errors in the medical literature.’ 

The purposes of this report are (1) to describe a 
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Table I. Format for journal club presentations . : 

ee 
I. Experimental design outline: Format for article review 

. Reference (author, title, journal, and site of research) 

. Introduction (brief background information) 

. Hypothesis (clear and concise purpose of study) . 

. Methods (experimental design; should be concise) 

. Type of study . 

. Subjects (sample.population and number) 

. Inclusion and exclusion criteria for study group 

. Controls . . 

. Descriptive variables of sample population 

. Outcome variables-measured and analyzed 

. Types of measurements used . l 

E. Statistical analysis (methods of analysis and levels of significance to-be accepted; should be concise) 

F. Results (analysis and interpretation of descriptive and outcome variables; this is the most important part of entire 

G. 


JAWE 


SID Ot & O NO + 


presentation) E> 3 
Conclusions (relative importance of study as it applies to hypothesis tested and data presented) 
H. Comments (literature discussion and how this study contributes to the medical literature) 
II. Outline for the critique of a medical report* | 
A. Objective or hypothesis 
1. What are the questions to be answered? (study objectives) | 
2. What is the population to which the investigators intend to apply their findings? 
B. Design of investigation a : 
1. Was the study an experiment, planned observations, or retrospective analysis of records? 
2. Are there possible sources of sample selection bias? 
3. What is the nature of the control group? 
C. Observations . ` . . te fe 
I. Are there clear definitions of the terms used? (i.e., diagnostic criteria, measurments made, and outcome variables) 
2. Was the method of either classification or measurement consistent for all subjects and relevant to the objectives of 
the investigation? ; 
3. Are observations reliable and reproducible? 
D. Presentation of findings l l Eog 
l. Are findings presented clearly, objectively, and in sufficient detail to enable the reader to judge them? ; 
2. Are findings internally consistent? (i.e., do the numbers add up properly and can the diferent tables be reconciled, 
etc.) 
E. Analysis 
I. Are the data worthy of statistical analysis? If so, are analysis methods appropriate to the source and nature of the 
data? ee 3 
2. Is analysis correctly performed and interpreted? . ; - 
3. Is there sufficient analysis to determine whether “significant differences” may in fact be due to lack of comparability 
of the groups? (i.e., age, sex, clinical characteristics, or other relevant variables) 
F. Conclusions. 
1, Which conclusions are justified by the findings? 
2. Which are not justified by the findings? 3s oo 
_3. Are conclusions relevant to the questions posed by the investigators? 
G. Constructive suggestions Di 
If the study could be improved, the reviewer should suggest a revised experimental design that would provide reliable 
and valid information relevant to-the questions under study. 
III. Types of errors in the medical literaturet 
A. Errors ranked from most to least frequent l 
l. Conclusions are applied to population without testing an adequate sample 
2. No use of statistical test when needed and appropriate 
3. Design of study is not appropriate for solving stated problem 
4. Too much confidence attached to negative results from small samples 
5. Improper use of statistical techniques 
6. No mention of type of test used or significance level 
7. Absence of control group 
8. Improper manipulation of data 
9. Misleading charts or tables 
10. Use of measured sensitivity without specificity 
11. Improper conclusions drawn although analysis was proper : 
12. Multiple comparisions were made, yet importance is attached to statistical significance 
eee 
From Thurnau and Fishburne.’ 
*Modified from Colton.’ 


tData from Schor and Karton.’ 
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Table II. Summary of the Oklahoma Obstetrics and Gynecology Journal Club experience 


Active journal club 
No. of residents per year in club 
No. of articles reviewed* 
Peer-reviewed journals 
Non~—peer-reviewed journals 
Book chapters 
Departmental Research Day presentations 
Research meeting presentations 
Society of Perinatal Obstetricians 
Society for Gynecologic Investigation 


American College of Obstetrics and Gynecology, District VII 


Southern Medical Association 
XI World Congress of Obstetrics and Gynecology 


International Society for the Study of Hypertension in pregnancy 


American College of Odstetrics and Gynecology 
Peer review publications 

AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY 

Blood 

Clinical Genetics 

International Journal of Gynaecology and Obstetrics 

Journal of Reproductive Medicine 

Southern Medical Journal 


N Yes 
3 4 
N/A 119 
105 

11 

3 

36 42 
3 20 
6 

5 

4 

2 

] 
i 

I 

0 12 
6 

2 

l 

l 

] 

l 


*Subject category: Obstetrics, 46; reproductive aaa 20; gynecologic oncology, 15; neonatology, 12; medical, l1; 


benign gynecology, 7; genetics, 4; and immunology, 4 


journal club format that has demonstrated popularity 
and 4 years of longevity and (2) to document our ex- 
perience with the journal club. 


Format 


During the past 4 years, the University of Oklahoma 
Obstetrics and Gynecology Jcurnal Club has been con- 
ducted as a faculty-led meeting according to the fol- 
lowing approach. On a monthly basis, fourth-year med- 
ical students following the obstetrics and gynecology 
program, residents, and faculty have met informally at 
a faculty member’s home for dinner, after.which resi- 
dents present (Table [).° After each report. has been 
reviewed and criticized according to the critique out- 
line, the types of errors are identified and the reviewer 
proposes an experimental design that would improve 
the study. The objectives of this approach are (1) to 
encourage critical reading of medical reports, (2) to 
discuss experimental design, and (3) to acquire knowl- 
edge of the current medical literature. 

Occasionally, the meeting follows a different format 
in which the reviewer presents information and data 
from a number of current articles and/or book chapters 
on a specific controversial issue. With this format, the 
objective is to foster a literature-supported discussion 
in contrast to one based on personal opinion and an- 
ecdotal experience. 


Experience 


Currently, the residency in obstetrics and gynecology 
at the University of Oklahoma is a clinically demanding, 


4-year program consisting of 16 residents (four resi- 
dents at each level). In the 1983 to 1984 academic year, 
the Department of Obstetrics and Gynecology under- 
went considerable expansion'and the number of full- 
time faculty members doubled. The increase in number 
of subspecialists broadened the research activities of the 
depar tment members and enhanced resident- -faculty 
collaboration. This change in the academic environ- 
ment lead to the development of the journal club. De- 
spite the heavy clinical demands, overall attendance at 
the journal club meetings during the past 4 years has 
been excellent (95% of medical students, 70% of resi- 
dents, and 50% of faculty). 

Before the journal club was organized in 1984, 
second., third-, and fourth-year residents had partici- 
pated in a required departmental “Resident’s Research 
Day.” Few residents had presented their work at na- 
tional research meetings or had published scientific pa- 
pers (Table II). 

Since the inception of the journal club, 119 articles 
have been critically reviewed by 26 different residents 
(Table II). During this 4-year interim, these residents 
have also designed and submitted 42 study protocols. 
Ten residents have presented a total of 20 papers at 
regional, national, and international research meetings. 
Of these, to date 12 papers have been published or 
accepted for publication in peer-reviewed journals. 
Whether the journal club experience has lead directly 
to the increase in publications is speculative; however, 
feedback from the residents is, that the journal club 
format has clearly helped them to read the medical 
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literature critically and to develop scientifically n meri- 
torious research protocols. 


Comment 


Recenily a number of 1 investigators have emphasized 
the importance of journal clubs for medical student and 
resident training.'* Although various journal clubs uti- 
lize different formats, attendance and their ultimate 
longevity are directly related to having clear goals and 
objectives. 

In 1985 Krogh! reported on the importance of using 
a checklist for the selection of articles. Krogh docu- 
mented that:such a checklist is useful for guidance in 
writing as well-as in reading scientific articles. 

In 1986, Linzer et al.? reported on the role of medical 
journal clubs in resident training. They surveyed the 
goals, formats, and outcomes of journal clubs from 36 
internal medicine residency programs in New York 
City. Of the 33 responding programs, 82% had a jour- 
nal club. The three most commonly stated goals of the 
journal club were (1) to help participants read critically, 
(2) to have an impact on their clinical practice, and (3) 
to help the participants keep up with the literature. 
Although 70% of these programs described their jour- 
nal clubs.as “successful,” the authors state that objective 
assessment is clearly needed. 

More recently, Linzer et al.* reported on the com- 
parison of two formats (faculty led and resident led) 
for teaching critical reading skills in a medical journal 
club. The members of the faculty- led journal club con- 
sidered their format more educational and they be- 
lieved it resulted in more critical reading. In contrast, 
the resident-led journal club had better attendance and 
the participants read more articles. 

On the basis of these recent surveys” * and the ex- 
perience described in this-report, it is difficult to de- 
termine which type of journal club format leads to im- 
proved reading habits and the incorporation of the 
concepts of current literature into daily practice. How- 
ever, as a result of the University of Oklahoma Ob- 
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stetrics and Gynecology Journal Club format, the res- 
idents are learning to defend their case discussions with 
literature support. Clearly, this forum introduces new 
medical management concepts and gives validity to the 
different approaches to specific diagnostic and thera- 
peutic problems. Furthermore, many of the journal 
club discussions have developed into study protocols as 
well as national and international research presenta- 
tions and published papers. 

As a by-product of the journal club meetings over 
the past 4 years, a journal entitled, “Proceedings of the 
Oklahoma Obstetrics and Gynecology Journal Club” 
has been published.’ In this quarterly publication, the 
article reviews the literature surveys have been shared 
with obstetricians and gynecolcgists locally, regionally, 
and nationally. 

Although the journal club format and published pro- 
ceedings have stimulated both local and national en- 
thusiasm, the true benefits of a journal club result from 


- the informal discussion of ideas and the expanded per- 


sonal contact among the medical students, residents, 
and faculty. 
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Antibody to endotoxin is associated with decreased frequency 


of postoperative infection 


F. K. Gould, MRCPath,’ J. A. Harvey, MRACOG,' and J. K. Dytrych, FIMLS? 


Newcastle upon Tyne, England 


According to previous studies the presence of preoperative antibodies to gram-negative 
lipopolysaccharides has a protective effect against postoperative infection and pyrexia in patients 
undergoing urologic and cardiac surgical procedures. Preoperative serum specimens collected from 86 
women awaiting major gynecologic surgery were tested for the presence of antiendotoxin by a qualitative 
method. These patients were closely followed up in the postoperative period and any evidence of pyrexia 
or infection was noted. There were 21 (24%) patients who had preexisting antibodies. Of the women 
studied, 47 (55%) had some form of postoperative infection, of which 32 (37%) were exclusively a result of 
gram-negative bacteria. There was a significant association (p < 0.05) between postoperative infection 
and the absence of preexisting antibodies. This association was particularly striking (p < 0.02) when 
postoperative urinary tract infections were considered. There was no association between postoperative 
pyrexia and the absence of preexisting antibody. Our results confirm the findings of previous studies to 
evaluate the protective role of antiendotoxin in surgical procedures. In the future immunization may be 
considered an adjunct or alternative to prophylactic antibiotics. (Am J OpsteT GYNECOL 1989;160:317-9.) 


Key words: Infection, gynecologic surgery, endotoxin 


Previous studies'* carried out in patients undergoing 
urologic and cardiac surgical procedures have dem- 
onstrated that preoperative antibodies to common 
gram-negative lipopolysaccharides have a protective ef- 
fect against postoperative infection and pyrexia. The 
purpose of this study was to monitor the incidence of 
infection after major gynecologic surgery and to assess 
the protective role of preexisting antiendotoxin in these 
and other postoperative events. 


Methods 


All women who were admitted for routine major gy- 
necologic surgical procedures over a 5-month period 
were studied. Sera for detection of antiendotoxin and 
midstream specimens of urine for bacterial culture and 
sensitivity testing were collected when the participants 
were admitted. The presence of any postoperatively 
sustained pyrexia >38° C was carefully noted. Mid- 
stream urine specimens were collected routinely on the 
second or third postoperative day. Catheter specimens 
of urine were obtained from patients with indwelling 
urinary catheters in situ >48 hours. Other specimens 
such as blood cultures, sputum, and wound and vaginal 
swabs were collected when indicated by the presence 
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of pyrexia, productive cough, vaginal discharge, or 
wound exudate. All patients who received prophylactic 
antibiotics, with the exception of metronidazole, were 
excluded from the study. Although very active against 
most gram-negative obligate anaerobes, metronidazole 
does not directly inhibit aerobic or facultative anaerobic 
organisms; therefore it was not expected to mask the 
effects of infection with these organisms in a postop- 
erative patient. “Postoperative infection” was defined 
as a significant growth of disease from a clinically in- 
fected site, associated with symptoms (for example, dys- 
uria) or pyrexia. 

The sera were screened by a qualitative method for 
the presence of antiendotoxin.* To 0.2 ml of neat 
serum was added 0.1 ml of a mixture of purified bac- 
terial lipopolysaccharides (Salmonella typhi, S. enteritidis, 
S. minnesota, S. typhimurium, and E. colt 055 B5). The 
resultant mixtures were incubated at 37° C for 2 hours 
and then held at 4° C overnight. The specimens were 
centrifuged at 3000 rpm for 20 minutes and were ex- 
amined for the presence of precipitate. If present, the 
precipitate was washed three times with distilled water. 
Specimens that had precipitates at the end of the wash- 
ing procedure were recorded as containing antiendo- 
toxin. Results were compared statistically with the x” 
test. 


Results 


There were 86 women included in the study, of 
whom 2] (24%) had preexisting antibodies to endo- 
toxin. A total of 64 underwent abdominal hysterec- 
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Table I. Relationship between preoperative endotoxin and postoperative infection 






Mean age (yr) 45.2 

Abdominal surgery 18 

Vagina: surgery 3 

Preoperative urinary tract infection 2 

Postoperative urinary catheter 19 

Mean duration of catheterization Zo 
(days) 


Postoperative pyrexia 
Postoperative urinary tract infection 
Postoperative gm negative infection 


A e oO 


*b NS. 
tp < 0.02. 
tp < 0.05. 


tomy, 12 had vaginal repairs (including five vaginal 
hysterectomies), and 10 had ovarian or tubal surgery. 
Nine patients had positive urine cultures before sur- 
gery. Women who received metronidazole prophylaxis 
were evenly distributed between both groups of par- 
ticipants. 

Of the women studied, 47 (55%) had some form of 
significant postoperative infection, of which 32 (37%) 
were exclusively a result of gram-negative bacteria. 
Sites of infection included urinary tract (37), wound 
(7), chest (6), and vaginal vault (1). 

Table I presents the relationships between the pres- 
ence of preoperative endotoxin and the subsequent de- 
velopment cf postoperative infection. Although both 
groups of participants were evenly matched for age and 
type of operation, the group with preexisting antibody 
to endotoxin had a significantly lower incidence of all 
types of infection, particularly those caused by a gram- 
negative organism. This association is especially striking 
when acquired urinary tract infections are considered. 
No significant difference in postoperative pyrexia was 
demonstrated in this study. 


Commeni 


Our findings indicate postoperative infection is still 
an important complication of gynecologic surgical pro- 
cedures. The majority of infections are caused by gram- 
negative organisms, both aerobic and anaerobic. Al- 
though some at-risk patients may be identified by pre- 
operative screening of urine, the majority of cases have 
no apparent predisposing factors for infection. Our 
results confirm previous findings that show a preexist- 
ing antibody to enteric gram-negative endotoxin has a 
protective effect against postoperative infection. The 
exact mechanism by which this protection is conferred 


remains unclear. Other researchers! have demon- ` 


| Antibody to endotoxin 
present (N = 21) 





Antibody to endotoxin 
absent (N = 65) 





44.4 
85 56 62* 
14 9 14* 
9.5 7 11* 
90 56 86* 
2.6* 
43 36 55* 
19 33 51t 
19 28 43% 


strated that antiserum obtained from volunteers im- 
munized with £E. coli J5, a core-ceficient mutant in which 
the lipopolysaccharide elemer.t common to all gram- 
negative bacteria is exposed, does not significantly in- 
fluence bacteriolytic activity or opsonization. J5 anti- 
sera, however, do protect against the toxicity of purified 


_ lipopolysaccharide, which implies that it binds to the 


lipopolysaccharide core and blocks lipid A. It is thought 
that the IgM’ component of the serum is potent against 
infection, presumably because of its size, but we were 
unable to differentiate between IgM and IgG in our 
study. 

The implications of these findings may be far- 
reaching. Other researchers have demonstrated the 
benefit of passive immunization in the treatment of 
serious surgical® and gynecologic sepsis.” Active im- 
munization with immunogenic strains of £. coli is under 
investigation. In the future, immunization may be con- 
sidered an adjunct or an alternative to prophylactic 
antibiotics in many types of surgical procedures. 


We thank the consultant staff of the Gynaecologic 
Unit of Newcastle General Hospital for permission to 


- study their patients and the nursing staff of the unit 


for their help with the collection of specimens. 
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Cyst of the fetal choroid plexus: A normal variant? 


Beryl R. Benacerraf, MD, and Lane A. Laboda, RDMS 
Boston, Massachusetts 


Cysts of the choroid plexus have been identified ultrasonographically in second-trimester fetuses and 
usually have regressed by 24 weeks’ gestation. Chorioid plexus cysts have been linked with trisomy 18, 
and this possible association has prompted a review of our experience. Choroid plexus cysts were seen 
ultrasonographically in 38 consecutive fetuses between 15 and 28 weeks’ gestation. Of these, 30 
underwent repeat ultrasonograms after 24 weeks’ gestation and showed complete resolution of the cysts. 
In 10 of the 38 fetuses, amniocentesis yielded normal karyotypes. A total of 36 patients were delivered of 
normal neonates at term. One patient was delivered of a normal neonate prematurely, at 34 weeks’ 
gestation with a good outcome. Another fetus was delivered at 36 weeks’ gestation because of late onset 
of nonimmune hydrops, which resolved without sequelae. No association between trisomy 18 and choroid 


plexus cysts was identified in this series. (AM J OBSTET GYNECOL 1989;160:319-21.) 


Key words: Fetus, ultrasonography, choroid plexus 


Cysts of the choroid plexus of the lateral ventricles 


are commonly found during an autopsy and are usually © 


<1 cm in size.' These cysts have been reported in both 
the neonate and the fetus. When first seen in the 
second-trimester fetus, they commonly regress by 22 
to 24 weeks’ gestation.”* Although most reports suggest 
that choroid plexus cysts are benign and represent an 
incidental finding,* * others have found an association 
between this finding and trisomy 18.7 Because a cor- 
relation of this sort would alter guidelines for parental 
counseling and obstetric management, we reviewed our 
experience over 5 years, during which time we iden- 
tified 38 fetuses with choroid plexus cysts between 16 
and 28 weeks’ gestation. 


Material and methods 


Over 5 years 38 consecutive fetuses were found to 
have choroid plexus cysts as the only abnormality found 
during a prenatal ultrasonogram between 15 and 
28 weeks’ gestation. Ultrasonograms were performed 
with ACUSON 128 scanner (ACUSON, Mountainview, 
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Calif.) with a 3.5 MHz transducer. The presence of 
choroid plexus cysts was documented at the time of the 
initial scan, and a repeat ultrasonogram was requested 
as a follow-up. 

Fach participant’s age at initial diagnosis, time of re- 
peat scan (if done), karyotype (if available), and follow- 
up of her neonate were obtained by review of records 
and follow-up by telephone of each patient with her 
referring physician. 


Results 


There were 38 consecutive fetuses that had one or 
multiple choroid plexus cysts as the only abnormality 
at the time of ultrasonography, and the gestational ages 
ranged between 16 and 28 weeks. A total of 14 fetuses 
were seen beween 16 and 18.4 weeks’ gestation and 22 
fetuses were seen between 18.5 and 21 weeks’ gestation. 
There were two fetuses with choroid plexus cysts seen 
at 25 and 27 weeks’ gestation, respectively. Follow-up 
ultrasonograms were obtained at 24 or more weeks’ 
gestation for 30 of the 38 fetuses. In each of these cases 
the choroid plexus cysts were no longer visible. The 
indications for the initial ultrasonograms included dat- 
ing or discrepancy in size and dates for 17 patients; 
amniocentesis for 10 patients; and sets of twins for two 
patients (only one twin in each set had choroid plexus 
cysts). Three fetuses were scanned for elevated mater- 
nal serum a-fetoprotein levels and one each was 
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Fig. 1. Transverse view through fetal head at 20 weeks’ ges- 
tation shows unilateral choroid plexus cyst (arrow). Cyst. was 
gone at time of repeat ultrasonogram 1 month later. 





Fig. 2. Bilateral choroid plexus cysts (arrows) at 16 weeks’ ges- 
tation seen during scan done before amniocentesis because of 
advanced maternal age. Karyotype was normal. 


scanned for a previous child with a neural tube defect, 
a low serum a-fetoprotein level, abdominal pain; dia- 
betes, referral from level 1 facility, and a molar preg- 
nancy. Amniocentesis was performed on 10 of the 38 
fetuses and vielded normal karyotypes. There were 22 
fetuses that had unilateral choroid plexus cysts (two of 
which had more than one cyst), and 16 fetuses that had 
bilateral cysts (Figs. 1 to 3). 

A total of 36 pregnancies resulted in term delivery 
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Fig. 3. Transverse view through choroid plexi (arrows) at 
25 weeks’ gestation shows there is no cyst. This fetus had 
cysts diagnosed at 17 weeks’ gestation and returned for this 
follow-up. 


of. normal neonates as determined by physical exami- 
nation at birth. One pregnancy resulted in premature 
delivery, at 34 weeks’ gestation, of a normal neonate, 
who did well after a brief stay in the special care nurs- 


ery. One fetus developed nonimmune hydrops late in 


pregnancy and was delivered at 36 weeks’ gestation. 
The nonimmune hydrops was successfully treated in 
the special-care nursery and tne cause was unknown. 
It was thought that the choroid plexus cyst seen in this 
fetus at 16 weeks’ gestation (which was gone by 22.5 
weeks’ gestation) was unrelated to the nonimmune hy- 
drops that developed in the third trimester. The infant 


is alive and well. 


Comment 

Small choroid plexus cysts are occasionally seen in 
second-trimester fetuses, in both our experience and 
that of others.*° They usually regress by 24 weeks’ ges- 


tation and are easily distinguished from hemorrhages 


or choroid plexus papillomas, which are usually echo- 
genic.® The pathogenesis of these choroid plexus cysts 
is unclear but thought to represent filling in of neu- 


_ roepithelial folds with cerebra. spinal fluid and debris, 


which gives the impression of a cyst.” Asymptomatic 
cysts of the choroid plexus are found in 57% of autopsy 
cases and seem to occur in the fetus, the neonate, 
and the elderly.'* Increasing resolution of ultrasono- 
graphic equipment has probably made it possible to 
visualize these small cysts. Choroid plexus cysts rarely 
can be sufficiently large in the neonate to become | 


symptomatic.'*'! 
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Recently several cases of choroid plexus cysts have 
been seen associated with trisomy 18, and these re- 
ports prompted the review of our experience reported 
here.®” Our results differed from the findings of Ni- 
colaides et al.° because all of our 38 fetuses with second- 
trimester choroid plexus cysts had normal newborn ex- 
amination findings at birth. Normal chromosomes were 
documented in 10 and the other 28 had no stigmata 
of aneuploidy at birth, although chromosome studies 
were not done. There was one premature birth with 
good outcome at 34 weeks’ gestation, and one fetus was 
delivered at 36 weeks’ gestation with an excellent re- 
covery from idiopathic nonimmune hydrops that had 
developed in the third trimester. Although an occa- 
sional fetus with choroid plexus cysts may have trisomy 
18, as previously reported, we suggest that the associ- 
ation of choroid plexus cysts with trisomy 18 described 
by Nicolaides et al. may not apply to all populations 
or may be overestimated. In our experience most of 
these cysts are benign and lack apparent clinical se- 
quelae. Trisomy 18 often involves obvious ultrasono- 
graphic abnormalities such as clubfeet, abnormal hands 
and forearms, and anomalies of the face, anterior ab- 
dominal wall, and diaphragmatic hernia.’? The pre- 
‘vious association of choroid plexus cysts with trisomy 
18 would suggest that a thorough ultrasonographic ex- 
amination of the fetus is warranted when a choroid 
plexus cyst is discovered ultrasonographically; how- 
ever, on the basis of our sample the vast majority of 
fetuses with choroid plexus cysts appear to develop 
normally. 

It is difficult to draw conclusions or to counsel pa- 
tients when a choroid plexus cyst is encountered 
on a prenatal ultrasonogram. Whether amniocentesis 
should be recommended to these patients is contro- 
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versial. Our data indicate the yield of abnormal karyo- 
type 1s low, particularly if the rest of the ultrasono- 
graphic examination of the fetus is normal. Our series 
is drawn from 5 years of observation; however, because 
the actual number of cases is small, reports from other 
laboratories with regard to choroid plexus cysts will 
help define clearer guidelines for counseling patients 
and for obstetric management. 
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Fetal control of maternal prolactin production and bioactivity 


in utero 


John A. McCoshen, PhD 
Winnipeg, Manitoba, Canada 


Amniotic fluid prolactin is a product of maternal decidualized endometrium that is derived by translocation 
of the hormone across the. reflected fetal membranes. Amniotic fluids from 26 second-trimester (14 to 23 
weeks) and 75 third-trimester (29 to 40 weeks) normal singleton pregnancies were evaluated for prolactin 
content by radioimmunoassay and bioassay with the Nb, rat lymphoma cell line. The relative bioactivity 
was calculated as the ratio of bioassay to radioimmunoassay for each fluid. Data segregated by 
gestational age.and fetal genetic sex identified a highly significant difference (p = 0.0004) in amniotic f uid 
prolactin radioimmunoassay concentrations (mean + SEM) that surround male (682 + 49, n = 42) versus 
female (440 + 39, n = 33) fetuses of third-trimester age. Paired bioassay values were significantly lower 
(p = 0.002) than radioimmunoassay values among males (626 + 52) but equivalent (p = 0.1066) among 
females (464 + 44). The bioassay/radioimmunoassay ratios of third-trimester fetal female-associated 
amniotic fluid prolactin.were significantly higher (p = 0.0004) than those of third-trimester males and 
second-trimester males and females. The results suggest a fetal gender-related factor is associated with both 
the production and the biologic activity of the maternally derived hormone. Thus the fetus appears to have 
some control over the dynamics of uterine prolactin production. (AM J OBSTET GYNECOL 1989;160:322-7.) 


Key words: Amniotic fluid, prolactin, fetal gender-related factor 


The gestational sac contains amniotic fluid that pro- 
gressively increases in volume until the latter part of 
the third trimester.’ The developed sac consists of fetal 
tissues that are in direct contact with decidualized en- 
dometrium, a maternal tissue. Among numerous en- 
docrine compounds identifiable in amniotic fluid ts the 
polypeptide hormone prolactin. Amniotic fluid pro- 
lactin is consistently present in high concentrations 
throughout gestation.* * . 

It is well established that amniotic fluid prolactin orig- 
inates in maternal decidua and reaches the gestational 
sac by translocation across the reflected fetal mem- 
branes.* > Peak concentrations of amniotic fluid pro- 
lactin are achieved during the second trimester, after 
which there is a steady decline until term.** Both ma- 
ternal and fetal circulating prolactin appear exclusively 
pituitary in origin.’ However, whereas pituitary and 
decidual prolactin possesses similar immunologic and 
biologic properties,” ° variations in the biologic activ- 
ity of maternal circulating prolactin’? and amniotic 
fluid prolactin"! have been described. For example, in 
cases of pregnancy-induced hypertension, significantly 
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higher amniotic fluid prolactin bioactivity, relative to 
immunoactivity, exists among women who carry a fe- 
male fetus.'? Furthermore, in an evaluation of amniotic 
fluid prolactin and amniotic fluid lung surfactants, 
Yassime et al. noted that concentrations of immuno- 
active prolactin in amniotic fluid obtained from third- 
trimester pregnancies vary in accordance with fetal 
gender. a 

In hght of previous evidence, this study was con- 
ducted to test the hypothesis that the fetus exerts an 
influence on the intrauterine production of maternal 
prolactin. The study evaluates amniotic fluid prolactin 
activity over time and segregates data in accordance 
with fetal genetic sex. Two assay systems were used to 
quantitatively determine immunologic and biologic ac- 
tivity of amniotic fluid prolactin. Thus discrepancies in 
the activities of amniotic fluid prolactin on the basis. of 
fetal gender would suggest a fetal influence on the ma- 
ternal prolactin production site. 


Material and methods 


Aliquots of amniotic fluid were supplied by the Fetal 
Assessment Unit of Women’s Hospital from women 
who were undergoing clinical amniocentesis for genetic 
reasons or evaluation of fetal lung maturity. Fluids were 
also obtained immediately before hysterotomy at the 
time of elective repeat cesarean section. For this study, 
only those fluids that proved to be from clinically nor- 
mal pregnancies (N = 101) were used. The study was 
approved by the University of Manitoba Faculty Com- 
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mittee on the Use of Human Subjects in Research. Pa- 
tient consent was received for those fluids obtained at 
the time of hysterotomy. 

The study population included 26 women in the sec- 
ond trimester (range, 14 to 23 weeks) and 75 in the 
third trimester (range, 29 to 40 weeks). Each amniotic 
fluid was immediately centrifuged at 3000 g for 30 min- 
utes at 4° C, and the supernatant was stored frozen at 
—20° C. Both radioimmunoassay and bioassay were 
performed with the same prolactin standard (World 
Health Organization Reference Preparation RP 75- 
504). The lactoperoxidase method of prolactin 
iodination” was used and radioimmunoassay for pro- 
lactin was performed according to the method of 
Hwang et al.'* The bioassay for prolactin was per- 
formed according to the method of Tanaka et al.'® 
whereby dispersed Nb, rat lymphoma cells respond mi- 
togenically to the presence of lactogenic hormones. 
Specific prolactin bioassay was measured in triplicate 
samples of each amniotic fluid after the addition of 
excess anti-human placental lactogen and anti-human 
growth hormone as previously described.’ After 72 
hours of incubation, the Nb, cells from each dish were 
counted on a Coulter cell counter (Coulter Electronics, 
Inc., Hialeah, Fla.) and specific prolactin bioassay was 
quantified by comparison to the standard curve of the 
Nb, cell response to the reference prolactin preparation 
as previously described.*® The results of each radioim- 
munoassay and bioassay were expressed in nanograms 
per milliliter and the biologic to immunologic activity 
was calculated and expressed as the bioassay/radio- 
immunoassay ratio. 

Subsequent to amniotic fluid prolactin quantification, 
all patient charts were reviewed and records of gesta- 
tional dates at the time of amniocentesis, status of ges- 
tation as normal or symptomatic, and identification of 
the genetic sex of each fetus were noted. ` 

For this study, only those women who had genetically 
normal fetuses and uncomplicated pregnancies were 
selected for statistical evaluation. The results were sub- 
jected to cross tabulation x? statistical analysis, general 
linear model analysis of variance, two-sample paired 
and unpaired t tests (two-tailed), and regression analysis 
weighted for gestational age. 


Results 


The number of amniotic fluid samples obtained at 
each week of gestation is presented in Table I. Each of 
the 101 amniotic fluids was from a singleton pregnancy. 
Analysis by x” of fetal age and sex identified equivalent 
distributions of the fetal sexes by weeks’ gestation 
(p = 0.1099) and by trimester (p = 0.4028). Within the 
second trimester the mean gestational age of male fe- 
tuses was 16.0 + 2.2 (SD) weeks versus 15.9 + 1.1 
weeks for females. Within the third trimester the mean 
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Table I. Number of amniotic fluid samples at 
each gestational week and segregated 
according to fetal sex 






Fetal sex 
Gestational age 





14 3 l 4 
15 7 2 9 
16 2 3 5 
17 2 3 5 
18 2 2 
23 l l 
29 2 4 
31 l l 2 
33 l 2 3 
34 6 2 8 
35 l 3 4 
36 5 5 10 
37 3 3 6 
38 7 5 12 
39 14 9 23 
40 22, I _ 3 
‘TOTALS 59 2 10] 





age of males was 36.8 + 2.7 weeks versus 36.4 + 2.2 
weeks for females. 

Fig. 1 details the distributions of amniotic fluid pro- 
lactin concentrations by radioimmunoassay and bioas- 
say for all cases but segregates only by week of gestation. 
The bioassay/radioimmunoassay ratio of these data is 
also presented. Peak concentrations of amniotic fluid 
prolactin by both assays is apparent during the six- 
teenth week. Highly significant (p = 0.0001) negative 
correlations exist for each amniotic fluid prolactin 
radioimmunoassay (r = —0.6613) and ‘bioassay (r = 
— 0.6082) distribution and gestational age. However, 
the bioassay/radioimmunoassay ratio displays a positive 
correlation to age (r = 0.3179) that is also significant 
(p = 0.0012). 

Segregation of bioassay/ radioimmunoassay ratios by 
fetal sex did not reveal a significant correlation to age 
for males (r = 0.2290; p = 0.0810), whereas the female 
bioassay/radioimmunoassay ratios are significantly and 
positively correlated to time (r = 0.4321; p = 0.0043). 
Thus, male bioassay/radioimmunoassay ratios are con- 
stant over time, whereas those of females increase as 
gestation progresses. 

A highly significant linear correlation was found for 
amniotic fluid prolactin bioassay versus radidimmu- 
noassay (r = 0.9814, p = 0.0001). However, when seg- 
regated by fetal sex (Fig. 2), the linear correlations are 
retained but a distinct difference in the distribution of 
values is apparent, which suggests that differences exist 
in the concentration of amniotic fluid prolactin between 
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Fig. 1. Mean amniotic fluid prolactin concentrations by radioimmunoassay and bioassay, and bioas- 
say/radioimmunoassay ratios of all 101 amniotic fluid samples from each gestational age. Bioas- 
say/radioimmunoassay ratios vary significantly (F = 2.84; p = 0.0016) with time, specifically between 
trimesters (F = 13.71; p = 0.0004). 
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Fig. 2. Linear correlation of amniotic fluid prolactin bioassay and radioimmunoassay segregated by 
fetal gender and trimester. Slopes are equivalent in each case; differences are apparent only because 
of concentration (radioimmunoassay scale) distribution. In each cell p < 0.00001 indicates closeness 


of fit between the two assays used. 


the fetal genders. The distribution of amniotic fluid bioassay (F = 2.28; p = 0.0536), between the fetal 
prolactin radioimmunoassay and bioassay segregated sexes over time. Further segregation by trimester iden- 
by fetal sex and trimester is presented in Fig. 3. Analy- tifies concentration differences between the sexes to be 
sis of variance of these data indicates a significant highly significant by radioimmunoassay (F = 12.15; 


difference in amniotic fluid prolactin concentrations ' p = 0.0007) and bioassay (F = 8.31; p = 0.0049). Re- 
by radioimmunoassay (F = 3.21; p = 0.013), but not sults of ¢ test analyses of meaa amniotic fluid prolactin 
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Fig. 3. Distribution of mean (+SEM) amniotic fluid prolactin radioimmunoassay and bioassay by 
gestational age and fetal sex. Delineations indicate significant (*) differences in radioimmunoassay 
and bioassay between fetal genders during third trimester but not second. Within third trimester 
male (M) and female (F) radioimmunoassay and bioassay reach equivalence between 38 to 40 weeks. 
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Table II. Statistical comparison of second-trimester amniotic fluid prolactin concentrations segregated 
according to fetal sex 






Amniotic fluid prolactin (ng/ml) (mean + SEM) 






Assay Male (n = 17) Female (n = 9) p Valuey 
Radioimmunoassay 1657 + 230 2475 + 526 0.1101 (NS) 
Bioassay 1406 + 204 2064 + 484 0.1541 (NS) 
p Valuet 0.0001* 0.0111* 





*Significant difference. 
+By unpaired ¢ test. 
łBy paired ¢ test. 


Table III. Comparison of third-trimester amniotic fluid prolactin concentrations segregated according to 
fetal sex 





Assay 
Radioimmunoassay 682 + 49 
Bioassay 626 + :.52 
p Valuet . 0.0020* 


Amniotic fluid prolactin (ng/ml) (mean + SEM) 
Male (n = 42) Female (n = 33) 





440 + 39 0.0004* 
464 + 44 0.0253* 
0.1066 (NS) 





*Significant difference. 
TBy unpaired ¢ test. 
By paired ¢ test. 


radioimmunoassay and bioassay values between and 
within the fetal sexes from second trimester gestations 
is presented in Table II. There is no significant differ- 
ence in amniotic fluid prolactin concentrations between 
the sexes during that time. However, in each instance 
radioimmunoassay results are significantly higher than 
bioassay. Table III reveals that the concentration dif- 
ferences are exclusive to the third trimester in that 
fluids that surround male fetuses are significantly 


higher in prolactin content. Furthermore, whereas 
male amniotic fluid prolactin radioimmunoassay con- 
centrations remain higher than the paired bioassay val- 
ues, the female bioassay values are equal to radioim- 
munoassay values and are statistically equal to the ideal 
ratio of 1.00. 

Affirmation of the change in amniotic fluid prolactin 
bioactivity is seen in Table IV. Bioassay/radioimmu- 
noassay ratios are equivalent between trimesters among 
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Table IV. Statistical comparison of amniotic fluid prolactin bioassay/radioimmunoassay ratios 


(mean + SEM) segregated by fetal sex and trimester 






Amniotic fluid prolactin bioassay/ radioimmunoassay 





Male 0.829 + 0.002 17 0.897 + 0.002 42 0.0817 (NS) 
Female 0.809 + 0.003 9 1.046 + 0.003 33 0.0013* 
p Valuet 0.6231 (NS) 0.0004* 





*Significant difference. 
tBy unpaired ¢ test. 
tBy paired ! test. 


male fetuses, whereas a highly significant increase is 
apparent by the third trimester for female fetuses. Fur- 
thermore, amniotic fluid prolactin bioassay/radioim- 
munoassay ratios of female fetuses are significantly 
higher than those of males within the third trimester 
(Fig. 4). The difference is apparent by the thirty-second 
week of gestation and remains so until term. The find- 
ings suggest the production and biologic activity of am- 
niotic fluid prolactin are directly related to the genetic 
sex of the fetus. 


Comment 


On the basis of two assay systems, amniotic fluid pro- 
lactin was found to display significant differences in 
relative bioactivity that are associated with gestational 
age and fetal gender. Furthermore, immunoassay re- 
veals significantly higher concentrations of amniotic 
fluid prolactin in third-trimester pregnancies when the 
fetus is male. Analyses of gestational age and fetal sex 
confirm that the two gender populations and mean 
gestational ages are equivalent. In both genders am- 
niotic fluid prolactin concentrations are highest during 
the sixteenth week of gestation. 

In the third trimester amniotic fluid prolactin bioas- 
say is lower than radioimmunoassay among males, 
whereas the reciprocal exists among females, despite 
lower overall concentrations of prolactin. Furthermore, 
the bioassay/radioimmunoassay ratio is highest and 
equivalent to the theoretic ratio of 1.00 only when the 
fetus is female and within the third trimester. In all 
other instances, prolactin bioactivity appears to be 
suppressed. 

In our previous studies of third-trimester pregnan- 
cies complicated by hypertension’* we found amniotic 
fluid prolactin radioimmunoassay and bioassay concen- 
trations, and the relative biologic activity of amniotic 
fluid prolac:in expressed as the bioassay/radioimmu- 
noassay ratio, to be significantly higher than those of 
normal uncomplicated pregnancies. However, when 
segregated by fetal gender, the bioassay/radioimmu- 


noassay ratios were significantly lower when a male fe- 
tus was present, and were equivalent to those in fluids 
associated with male fetuses from normal pregnancies. 
This may suggest the presence of an amniotic fluid 
factor that influences the response of Nb, cells to pro- 
lactin. It is unlikely that this response is related to excess 
lactogenic antigens other than prolactin because mul- 
tiple dilutions of Huids incubated in the presence of 
excess antisera to human growth hormone and human 
placental lactogen fail to alter the linear relationship of 
the Nb, cell response to amniotic fluid prolactin and 
the prolactin standard.* ° 

The response of Nb, cells to prolactin may depend 
on the presence of a nonprolactin agonist or antagonist 
present in amniotic fluid. The presence of a nonlac- 
togenic synergist that enhances the growth-promoting 
effect of serum prolactin on Nbs cells has been re- 
ported.'? However, such synergism fails to explain the 
significant differences in prolactin immunoactivity in 
third-trimester fluids segregaced by fetal gender be- 
cause overall bioactivity is suppressed except for the 
third-trimester females. In this latter instance bio- 
assay/radiolimmunoassay ratios equate statistically to 
1.00, which suggests a loss of suppression but not en- 
hanced bioactivity. Alternatively, a direct fetal influ- 
ence, whether by the fetus or bv the genetically identical 
fetal membranes, may have an impact on the decidua 
in the construction of prolactir. and translocation of the 
polypeptide to the amniotic fluid. One possible fetal 
factor is unconjugated testosterone that is significantly 
higher in amniotic fluids that surround male fetuses.'* 
Although steroids affect gene transcription,” testoster- 
one as a controlling factor of decidual prolactin pro- 
duction has yet to be demonstrated. Differences in pro- 
lactin bioactivity may also relate to prolactin variants 
such as glycosylated prolactin forms that are known to 
be produced by decidua and are present in amniotic 
fluid.” The specific biologic aczivity of glycosylated pro- 
lactin from human gestation is unknown. We previously 
reported that large molecular weight prolactin from 
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Fig. 4. Distribution of mean (+ SEM) amniotic fluid prolactin 
bioassay/radioimmunoassay ratios by gestational age and fetal 
sex. Delineations indicate a significant (*) gender difference 
during third trimester but not second. Within third trimester, 
gender difference is achieved bv 32 to 40 weeks (p = 0.0006) 
but not at 29 to 31 weeks. There is no significant change in 
male values over time, whereas female ratios significantly in- 
crease (see Table IV). 


amniotic fluid displays higher biologic activity than the 
monomeric form." Therefore, the amount, and pos- 
sibly the degree, of glycosylation of prolactin may in- 
fluence the overall biologic activity of amniotic fluid 
prolactin. Because significant gender-related differ- 
ences exist in the third trimester, it is plausible that a 
fetal or fetal membrane factor has a direct impact on 
the dynamics of decidual prolactin production, possibly 
at the level of production of variant prolactin forms 
with different biologic activities.!! "? 

In summary, two lines of evidence are presented to 
suggest a fetal influence on the immunologic and bi- 
ologic activity of prolactin in amniotic fluid. Concen- 
trations of amniotic fluid prolactin are significantly 
higher in those pregnancies that involve a male fetus. 
On the other hand, the ratio of bioactivity to immu- 
noactivity is higher when a female fetus is present. 
These differences are seen only during the third 
trimester because both concentration and bioassay/ra- 
dioimmunoassay of amniotic fluid prolactin are equiv- 
alent during the second trimester. Because amniotic 
fluid prolactin is a maternal hormone derived from 
decidua that translocates across the fetal membranes 
into the amniotic fluid, these observations suggest that 
a factor of fetal origin influences the quantitative, and 
possibly the molecular, form of prolactin produced by 
the maternal decidua. 


Expert technical assistance was provided by Ms. M. 
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Friesen, Department of Physiology, University of Man- 
itoba. 
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Child sexual abuse— Genital tract findings in prepubertal girls 


I. The unaided medical examination 


David Muram, MD 


Memphis, Tennessee 


In a prospective study 205 prepubertal girls (mean age, 5.4 years) determined by Child Protective Services 
to be victims of sexual abuse were examined. Sixty-five girls (82%) had normal-appearing genitalia, 45 
girls had nonspecific findings, and 95 girls had findings considered to be specific for sexual abuse. 
Whereas normal-appearing genitalia were most often observed in girls reporting digital assault, specific 
findings were more commonly observed in girls reporting genitogenital assault. Overall it was possible to 
document the presence of abnormal genital findings indicating or strongly suggesting sexual abuse in only 
46% of the patients in this study group. Failure to document findings suggestive of abuse in half of the 
girls highlights the limitations of the medical evaluation in validating sexual abuse. (AM J OBSTET GYNECOL 


1989;160:328-33.) 


Key words: Sexual abuse, children, genital trauma, medical evaluation 


Child sexual abuse is recognized as a serious problem 
that affects many children irrespective of age, sex, so- 
cioeconomic class, or geographic location.’ Although 
the actual number of victims is undetermined, estimates 
range from 1% to 38% of girls younger than age 18.” 
In recent years there has been a significant increase in 
the number of reports of sexually abused children,’ and 
many of these children are brought to emergency fa- 
cilities or to the private pediatrician’s office for medical 
` evaluation and collection of evidence. Physicians are 
often asked to examine a child to determine whether 
sexual abuse has occurred. 

‘Correct identification and management of child vic- 
tims of sexual abuse are often difficult.*° Abuse may 
` not cause injury; therefore an examination would not 
be expected to detect physical injury. Even when in- 
jured, many children are seen weeks, months, or years 
after the abuse occurred. Even short delays allow semen 
and debris to wash away. With time, most if not all 
injuries heal. Studies have shown that the findings on 
genital examination are often normal and cultures for 
Neisseria gonorrhoeae are usually negative.” 

This study was designed to prospectively evaluate 
and describe the genital findings in a group of pre- 
pubertal girls, after local investigative teams of Child 
Protective Services, a branch of the Tennessee De- 
partment of Human Services, have determined that 
they were victims of sexual abuse. 


From the Section of Pediatric and Adolescent Gynecology, Department 
of Obstetrics and Gynecology, University of Tennessee. 

Received for publication October 27, 1987; revised August 2, 1988; 
accepted September 8, 1988. 

Reprint requests: David Muram, MD, Department of Obstetrics and 
Gynecology, University of Tennessee, 853 Jefferson Ave., Memphis, 
TN 38103. 


328 


Methods 


Demographics of the study population. Shelby 
County is located in southwestern Tennessee and in- 
cludes metropolitan Memphis. It is the most populated 
county in Tennessee, with a population of about 
800,000. In 1985 the demographic profile of Shelby 
County showed that 57% of the residents were white, 
43% were black, and fewer than 1% were of other eth- 
nic origins.” Of the total population 271,000 persons 
were younger than age 19. The county consists of 
268,871 households, of which the median income is 
$15,289, reflecting a relatively high level of poverty 
within the inner city.’ 

The Pediatric Gynecology Clinic at the University of 
Tennessee, Memphis, has been in operation since 1982, 
and it has become a major resource for the medical 
evaluation of child victims of sexual abuse. The clinic 
evaluates the majority of prepubertal girls reported to 
local Child Protective Services to be victims of sexual 
abuse. Almost all patients seen in the clinic are residents 
of Shelby County, Tennessee.” 

The study group. A prospective study was under- 
taken between Oct. 1, 1984, and Sept. 30, 1986, to 
evaluate the genital findings in prepubertal girls who 
were victims of sexual abuse. During the 2-year study 
period, there were about 1400 instances in which chil- 
dren 18 years of age and younger were reported to be 
victims of sexual abuse. All reports were investigated. 
Tennessee Depariment of Human Services in Shelby 
County validated 976 instances, of which 746 involved 
girls and 230 involved boys. 

The validation process was based on the documen- 
tation of at least one of the following five criteria: (1) 
the child’s statement, (2) medical findings indicating 
abuse, (3) confession by the alleged perpetrator, (4) 


Volume 160 Child sexual abuse—Unaided examination 329 
Number 2 


D 
40 
$ 7 
30 = 





20 






Casanare anasanat Ee: 


. No. of Children 


Ss 
es 


Fig. 1. Ages of children in study group. 


Table I. Genital findings in prepubertal girls (N = 205) who are victims of sexual abuse | 





ail l No abnormalities Í ; , 65 
Redness and irritation 16 
Redness, irritation, and skin lacerations 12 
Skin lacerations ; 8 
Labial adhesions 8 
Redness, irritation, and labial ' ] 
adhesions 
3 Laceration of hymen 28 
Venereal disease 24 
Laceration of hymen and enlarged hy- 12 
i menal opening (>1 cm) 
Laceration of hymen, redness, and 6 
irritation: 
Laceration of hymen, venereal disease ; 5 
Laceration of hymen, redness, irrita- l 5 
tion, and skin lacerations 
Proctoepisiotomy l 3 
Laceration of hymen and skin 3 
lacerations 
Laceration of hymen, venereal disease, 2 
and ‘labial adhesions 
Laceration of hymen, redness, irrita- 2 
tion, and labial adhesions 
Laceration of hymen, enlarged hy-. 2 
` menal opening, and irritation 
Bite marks ~ 1 
4 Motile sperm in vaginal fluid and lac- l 
_ eration of hymen 
Semen on vulva, redness, and irritation l 


l : 


testimony of a credible witness, and (5) a ı psychologist’ Of the 746 validated incidents involving girls and 
evaluation indicating abuse. occurring during the study period, 407 involved girls 

The victim’s statement was crucial in the validation aged 10 ór younger." More than half of these girls 
process. Statements had to be detailed and contain ele- (N = 205) were referred to the Pediatric Gynecology 
ments of progression, secrecy, and coercion. Credible Clinic at the University of Tennessee, Memphis. The 
witnesses or a confession to substantiate the allegations study group consisted of these 205 prepubertal girls, 


of sexual abuse were rare. aged 1 to 10 years, 101 white and 104 black. Almost 


- 
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Table II. Genital dena in prepubertal girls (N = 205) and type of abuse 





Findings 
Definitive 0 0 0 0 2 4 0 0 
Specific 12 16 25 i 46 47 82 9 45 
Nonspecific 20 2l 16 30 6 10 3 15 
Normal 42 57 13 24 2 4 8 40 





half of the patients were referred for evaluation by their 
pediatrician; the other half were medically indigent and 
were referred by public clinics, the Rape Crisis Center 
of Memphis, and the Tennessee Department of Human 
Services at varying lengths of time after the incident. 
All patients in this study group were examined by the 
same examiner; this allowed for consistent and uniform 
data collection. The examination was performed in an 
office setting for all but three patients, who were eval- 
uated under general anesthesia in an operating room. 
After a systematic general examination, the external 
genitalia were inspected, and then the labia were gently 
retracted ‘downward and laterally to expose the hy- 
menal ring and the posterior vaginal wall. The Valsal- 
va’s maneuver was used in some girls to aid visualizing 
the vaginal walls. Most patients were ‘examined in both 
the supine and the knee-chest position. Solutions or 
dyes were not applied to the genitalia during the ex- 
amination to enhance visualization. Some of these pa- 
tients (n = 130) also were evaluated by colposcopy. The 
colposcopic examination is discussed 1 in detaia in a com- 
panion article.” 

The findings of the examination were correlated with 
the reported description of the abuse and classified into 
one of four categories: 

1. Normal-appearing genitalia. 

2. Nonspecific findings—Abnormalities of the gen- 
italia that could have been caused by sexual abuse but 
also are often seen in girls who are not victims of sexual 
abuse (e.g., inflammation and scratching). ‘These find- 
ings may be the sequelae of poor perineal hygiene or 
nonspecific infection. Included in this category are red- 
ness Of the external genitalia, increased vascular pat- 
tern of the vestibular and labial mucosa, presence of 
purulent discharge from the vagina, small skin fissures 
or lacerations in the area of the posterior fourchette, 
and agglutination of the labia minora. 

3. Specific findings—The presence of one or more 
abnormalities strongly suggesting sexual abuse. Such 
findings include recent or healed lacerations of the hy- 
men ‘and vaginal mucosa, enlarged hymenal opening 
of 1 cm, proctoepisiotomy (a laceration of the vaginal 
mucosa extending through the rectovaginal septum to 
involve the rectal mucosa), and indentations in the skin 


indicating teeth (bite) marks. This category also in- 
cludes patients with laboratory confirmation of a ve- 
nereal disease. 

4. Definitive findings—Any presence of sperm. 

The allegations. Many girls described a complex abu- 
sive situation in which repetitive acts were committed. 
In some instances it was difficult to evaluate the pro- 
gression of the abusive relationship, the time span over 
which the abuse occurred, and the number of attacks. 
In 20 of the 205 girls the victim’s genitalia were not 
involved, but another form of abuse (e.g., genitooral 
contact) was indicated. In 185 instances (90%) the gen- 
ital area was assaulted by the perpetrator’s hand, 
mouth, or genitaliz; digital manipulation of the genital 
area (n = 74), vulvar and vaginal coitus (n = 57); and 
genital assault combined with anal assault (n = 54). 


Results 


Age distribution. The mean age of the girls in the 
study group was 5.4 years (range, 1 to 10 years). A 
difference in age distribution by racial group was 
noted; black girls were older (mean age, 5.9 years) than 
white girls (mean age, 4.9 years). The age distribution 
for the entire study group is shown in Fig. 1. 

Findings. Abnormal findings were noted in 140 of 
the 205. girls (Table I). Sixty-five girls (32%) had 
normal-appearing genitalia and did not show any sign 
of previous injury (category 1). 

Nonspecific findings (category 2) were present in 45 
girls (22%). Redness and irritation of the vulvar skin 
were seen in 29, either as an isolated finding (n = 16) 
or in association with other findings; skin lacerations 
were seen either as an isolated finding (n = 8) or in 
combination with other findings (n = 12); labial adhe- 
sions were seen as an isolated finding (n = 8) or with 
redness and irritation (n = 1). . 

Among the’93 girls with findings considered specific 
for sexual abuse (category 3). hymenovaginal lacera- 
tions were detected in 68 girls. In three of these girls 
examination revealed extensive lacerations through the 
posterior vaginal wall and extending into the rectum. 
In the remaining 65 patients, the lacerations were seen 
originating from the hymenal ring and extending into 
the posterior vaginal wall as longitudinal fibrotic ridges 
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Fig. 2. Various abnormalities detected, compared with type of reported abuse. 


lined with vaginal mucosa. Such lacerations were seen 
either as an isolated finding (28 girls) or in association 
with an enlarged hymenal opening of >1 cm in di- 
ameter (n = 12), a venereal disease (n = 7), or motile 
sperm in the vaginal fluid (n = 1). A variety of non- 
specific findings (inflammation, skin breaks, labial 
adhesions) were seen in the remaining 18 patients. Ve- 
nereal disease was found in 31 girls (gonorrhea in 22, 
genital herpes in 6, and human papillomavirus lesions 
in 3). In the majority of these girls (n = 25) there were 
no other signs of genital injury; however, seven girls 
with venereal disease also had hymenovaginal lacera- 
tions. The remaining girl who was considered to have 
findings suggestive of abuse had bite marks on the gen- 
ital area. _ 

_ Two patients with category 4 findings were found to 
have motile sperm in the vaginal fluid (n = 1) or on 
the vulvar skin (n = 1). 

Definitive and specific findings (categories 3 and 4) 
were observed in 49 of 57 (86%) girls who reported 
genitogenital assault, in 25 of 54 (46%) girls who re- 
ported genital and anal contact, and in 12 of 74 (16%) 
girls who complained of digital assault. In contrast, 
normal-appearing genitalia (category 1) were found in 
only 2 of 57 (3.5%) girls who reported genitogenital 
contact, in 13 of 54 (24%) girls who reported combined 
genital and anal abuse, and in 42 of 74 (57%) girls who 
reported digital assault. The results are summarized in 
Table II and Fig. 2. 
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Comment 


This prospective study evaluated a group of pre- 
pubertal girls who were determined by the local inves- 
tigative teams of Child Protective Services, a branch of 
the Tennessee Department of Human Services, to be 
victims of sexual abuse. The examination failed to de- 
tect any abnormality in 32% of the patients. In 22% of 
the patients some abnormality was observed, but it was 
considered to be nonspecific and could have been 
caused by sexual abuse or by irritation, infection, or 
scratching. Overall, it was possible to document the 
presence of abnormal genital findings indicating or 
strongly suggesting sexual abuse (categories 3 and 4) 
in 46% of the patients in this study group. l 

Failure to document specific findings in half of these 
girls highlights the limitations of the medical evaluation 
in validating sexual abuse. Many victims of sexual abuse 
do not have physical injuries. Fondling, for instance, 
would not cause genital trauma. In comparison, geni- 
togenital assault is more likely to cause genital injury. 
The findings of this study confirm this impression. De- 
finitive and specific findings (categories 3 and 4) were 
observed in 49 of 57 (86%) girls who reported geni- 
togenital assault but in only 12 of 74 (16%) girls who 
reported digital assault. Normal-appearing genitalia 
(category 1) were found in 2 of 57 (3.5%) girls who 
reported genitogenital contact, and in 42 of 74 (57%) 
girls who reported digital assault. 

The hymenal shape was not used as an indicator of 
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sexual abuse in this study. The hymen has more ap- 
parent variations in shape than any other part of the 
female genitalia.’ The orifice may vary in shape and 
diameter, and the hymenal edge may be smooth or 
serrated. Some investigators have documented erosion 
or bumps of the hymenal edge as being more prevalent 
in sexually abused girls. However, they also reported 
similar findings, though less frequently, in girls who 
had not been abused.” 

It also has been suggested that a hymenal aperture 
>4 mm is a sign of sexual abuse.’ However, the hy- 
menal aperture varies with age, and in older girls it 
enlarges to 8 mm in diameter.” In addition, it is im- 
possible in many children to determine slight size vari- 
ations. In this study 18 girls were found to have a mark- 
edly enlarged hymenal aperture (>1 cm), and each had 
an associated hymenovaginal laceration. 

At times it is difficult to distinguish a small hymenal 
laceration from a notch or a fold in the hymen."* Dis- 
tinction between a laceration and an anatomic variant 
is aided by the fact that hymenal injuries rarely involve 
the hymen alone. The thin vaginal mucosa with its lim- 
ited distensibility often is lacerated with the hymen. 
Penile pressure on the introitus is directed toward the 
posterior vaginal wall because forward movement is 
prevented by the symphysis pubis. The hymen tears 
from its posterior aspect, and then the laceration en- 
larges to involve the posterior vaginal wall. The most 
common pattern of injury seen in this study was a linear 
laceration of the hymen, usually situated in the pos- 
terior aspect. The laceration may extend for a short 
distance along the posterior or posterolateral vaginal 
wall or, alternatively, only the perineal skin. After the 
healing process, a vertical ridge is found on the pos- 
terior wall of the vagina. In this study only hymenal 
defects that clearly extended into the vaginal mucosa 
or to the perineal skin were considered to represent 
hymenal lacerations. Others have suggested a similar 
mechanism to explain genital injuries in children.'*" 
In the study group, 65 girls demonstrated such hy- 
menovaginal lacerations. As expected, when a smaller 
object (e.g., a finger) is inserted into the vagina, the 
injury is expected to be less severe. The findings of this 
study support this concept. Of the 65 girls with hy- 
menovaginal lacerations, 12 reported digital assault. 
The remaining 55 patients reported genitogenital 
abuse. 

It is generally accepted that almost all children with 
gonorrhea have acquired it by sexual contact and that 
most such contacts are abusive.” A similar approach is 
required toward other venereal diseases.*"*’ In this 
study group 31 of 205 (15%) have had a venereal dis- 
ease. Six of these also had other signs of genital trauma. 

In conclusion, sexual abuse of children has become 
a matter of increasing concern during the past few 
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years. The increased awareness has resulted in a sig- 
nificant increase in the number of reported incidents 
to Child Protective Services. In Shelby County, Ten- 
nessee, there has been an increase in the annual num- 
ber of reported incidents from 279 in 1982 to more 
than 1000 in 1986."' Because of this increase, many 
more physicians are expected to examine children sus- 
pected to be victims of sexual abuse. Recognition of the 
limitations of the medical examination should reduce 
the sometimes irrational expectation that the physician 
can determine whether a child has been sexually 
abused. 
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Child sexual abuse—Genital tract findings in prepubertal girls 


II. Comparison of colposcopic and unaided examinations 


David Muram, MD, and Sherman Elias, MD 


Memphis, Tennessee 


In recent years the inspection of the vulva of sexually abused girls by magnification with a colposcope has 
become increasingly popular. However, data concerning the usefulness of colposcopy in such evaluations 
are lacking. In a prospective study, 130 prepubertal girls (mean age 5.5 years) who were identified by child 
protective agencies to be victims of sexual abuse were evaluated both by an unaided examination and by 
colposcopy. If the colposcopic findings differed from those of the unaided inspection, the macroscopic 
examination was repeated to determine whether the abnormality could have been detected without 
magnification. Altogether, 92 of the 130 girls were found to have abnormal findings. In the majority of girls 
with abnormalities (96%), the abnormalities were observed during the unaided examination. Of the four 
patients in whom the findings were detected initially by the colposcopic examination, these findings were 
observed during the repeat unaided examination. The findings were observed by colposcopic examination 
alone in only one patient. We conclude that unaided examination is adequate for the evaluation of most 


victims of sexual abuse. (Am J OBsTET GYNECOL 1989;160:333-5.) 


Key words: Sexual abuse, colposcopy, prepubertal girls 


The use of colposcopy is now well established in the 
evaluation of intraepithelial lesions of the lower genital 
tract. More recently, colposcopy has been used to com- 
plement the examination of child victims of sexual 
abuse.** Colposcopy allows a detailed magnified in- 
spection of the vulva to search for physical signs of 
abuse that may have escaped detection by unaided ex- 
amination. However, the role of colposcopy in the med- 
ical evaluation of child victims of sexual abuse has not 
been established. We have therefore evaluated the use- 
fulness of colposcopic examinations for this purpose at 
the University of Tennessee, Memphis. 
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Material and methods 


The demographics of Shelby County, Tennessee, 
and the referral patterns to the Pediatric Gynecology 
Clinic have been previously described.** Briefly, Shelby 
County is the most populated county in Tennessee, with 
a population of about 800,000. The Pediatric Gyne- 
cology Clinic is a major resource for the medical eval- 
uation of child victims of sexual abuse. One hundred 
thrity prepubertal girls identified as victims of sexual 
abuse by Child Protective Services were included in a 
study designed to evaluate the role of colposcopy. The 
study group comprised 130 patients ranging in age 
from | to 10 years (mean age 5.5 years); 54 girls were 
white and 76 were black. All girls were prepubertal as 
confirmed by the medical examination. All patients in 
this study group were examined by the same physician 
(D. M.), allowing for consistent and uniform data col- 
lection. In addition to the systematic evaluation for sex- 
ual abuse, all patients underwent a colposcopic evalu- 
ation. The external genitalia were inspected through a 
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Fig. 1. Age distribution of patients in study group. 


Zeiss colposcope under X 16 magnification. The labia 
were gently retracted downward and laterally to expose 
the hymenal ring and the posterior vaginal wall. The 
Valsalva maneuver was used in some girls to better vi- 
sualize the vaginal walls. Although some patients were 
examined in both the supine and the knee-chest posi- 
tion during the physical examination, only the supine 
position was used for the colposcopic evaluation. The 
genitalia were inspected under regular illumination 
and through a green filter, which better demonstrates 
vascular patterns. No solutions or dyes were applied to 
the genitalia during the examination to enhance visu- 
alization. If the colposcopic findings differed from 
those of the unaided inspection, the’ macroscopic ex- 
amination was repeated to determine whether the ab- 
normality could have been detected grossly. The find- 
ings of the examination were recorded and classified 
as (1) category 1—normal-appearing genitalia, (2) cat- 
egory 2—nonspecific findings, or (3) category 3— 
specific findings. The classification is described in detail 
in our companion article.” 


Results 


Age distribution. The mean age of the girls in the 
study group was 5.5 years (range | to 10 years; Fig. 1). 
Black girls were older (mean age of 6.1 years) than 
white girls (mean age of 4.5 years) (p < 0.001). 

Findings. Seventy-two of the 130 girls had abnormal 
findings (Table I). Four patients had as many as three 
separate abnormal findings. Thirty-eight girls (29%) 
had normal-appearing genitalia and failed to show any 
sign of previous injury (category 1). Nonspecific find- 
ings (category 2) were present in 26 girls (20%). Among 
these, redness and irritation of the vulvar skin were 
found in 16, either as an isolated finding (n = 9) or in 
association with other findings (n = 7). Skin lacerations 
were seen either as an isolated finding (n = 6) or in 
combination with other findings (n = 7). Five girls had 
labial adhesions, four as an isolated finding, and the 
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Table I. Colposcopic findings among 
prepubertal child victims of sexual abuse 
(n = 130) 


No. of 
Category Findings patients 


l No abnormalities 38 

2 Redness and irritazion 9 

Skin lacerations 6 

Redness, irritation, and skin 6 
lacerations 

Labial adhesions 4 

Redness, irritation, and la- l 


bial adhesions 


3 Venereal disease 24 
Tear of hymen 16 
Tear of hymen and enlarged 10 
hymenal opening (=1 cm) 

Tear of hymen, redness, and 6 
irritation 

Tear of hymen and venereal 4 
disease 

Tear of hymen, redness, irri- 3 
tation, and skin lacerations 

Proctoepisiotomy 

Bite marks l 





remaining patient had labial agglutination in associa- 
tion with skin lacerations, redness, and irritation. 
Among the 66 girls showing findings considered spe- 
cific for sexual abuse (category 3), hymenovaginal tears 
were found in 39, either in isolation or in association 
with other findings. Venereal disease was diagnosed in 
28 girls and included gonorrhea (22), genital herpes 
(3), and condyloma accuminatum (3). Twenty-four of 
the 28 girls with veneral disease showed no other signs 
suggestive of sexual abuse. Two patients with category 
3 findings had extensive tears resulting in proctoept- 
siotomy, and one patient who was 1.5 years old had 
teeth marks on the vulva. 

Colposcopic evaluation. Thirty-eight girls (29%) had 
normal-appearing genitalia and failed to show any sign 
of previous injury (category 1). Of the 26 patients with 
category 2 findings (nonspecific findings), the physical 
examination identified 23 patients (88%), whereas the 
remaining 3 patients with minor skin lacerations were 
identified only by the colposccpic evaluation. Of the 66 
patients with category 3 findings, 65 patients were di- 
agnosed by a systematic physical examination alone 
complemented by bacteriologic studies. Only one pa- 
tient with a small hymenovaginal tear was identified by 
colposcopy but not by unaided inspection. 


Comment 


Our experience indicates that colposcopy does not 
substantially enhance the accuracy of detecting signs of 
sexual abuse in prepubertal children in comparison 
with a careful unaided physical examination. Almost 
all children (98%) with catezory 3 findings strongly 
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suggesting sexual abuse were diagnosed by a systematic 
physical examination combined with appropriate lab- 
oratory investigation. Only one patient with a small 
hymenovaginal tear not detected at the time of the 
initial inspection was diagnosed by colposcopy. Even 
among children with nonspecific signs (such as inflam- 
mation), in whom the colposcope was more useful, the 
clinical examination detected the abnormality in >88% 
of cases. Altogether, abnormal findings (specific and 
nonspecific) were not detected in four children by the 
initial evaluation. After colposcopy these children were 
reexamined, and it was possible in three children to 
detect the abnormality once its location was known. In 
the remaining one girl with category 2 findings, the 
abnormal area, although seen through the colposcope, 
could not be seen without magnification. Importantly, 
in 38 patients (29%) determined to be victims of sexual 
abuse by the Child Protective Services, the genitalia 
were normal in appearance. This large group of pa- 
tients with no physical evidence of abuse emphasizes 
the limitations of the medical evaluation. Similar con- 
clusions have been reported by other investigators." ° 

Neither unaided visualization nor colposcopy proved 
useful in most patients with a venereal disease. The 
diagnosis was immediately suspected in patients who 
had genital herpes or lesions of condyloma accumi- 
natum. However, the 22 girls with gonorrhea had clin- 
ical findings indicating acute vulvovaginitis, and the 
true nature of the inflammation was established only 
after bacteriologic studies. 

The present findings differ from the conclusions of 
other investigators. Teixiera’ prospectively evaluated 
500 patients who were confirmed or suspected victims 
of sexual offenses and found that in 59 (11.8%) the 
colposcopic examination was of value in identifying 
genital trauma. However, this series consisted primarily 
of adult patients. Thirty-three of the 500 patients were 
described as having an infantile hymen and were there- 
fore presumed to be prepubertal. These 33 girls were 
not separated from the adult patients, and it is there- 
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fore difficult to assess the value of colposcopy in 
this group. Conclusions based on studies performed 
on adolescent and adult women cannot be extrapo- 
lated to young prepubertal girls, because their well- 
estrogenized tissues are more resistant to injuries as 
compared with the thin hypotrophic tissues of prepu- 
bertal girls. Also, estrogen promotes growth and heal- 
ing of the genital tissues after injury, whereas the unes- 
trogenized epithelium in a prepubertal girl results in 
delayed healing of the genitalia, with more prominent 
scarring than that seen in injuries of older female 
patients. 

Despite limitations, colposcopy may improve the ex- 
aminer’s diagnostic skills by providing an opportunity 
to review the physical findings under magnification. In 
addition, when equipped with a camera attachment, the 
colposcope allows one to obtain adequate photographs 
that can then be added to the medical record. Finally, 
when legal action is taken, these pictures can be re- 
viewed to refresh the examiner’s memory and may be 
introduced as evidence. However, our experience in- 
dicates that the colposcopic examination, although per- 
haps helpful in selected cases, is generally not required 
for the. assessment of these young victims. 
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An evaluation of red blood cell heterogeneity (increased red 


blood cell distribution width) in iron deficiency of pregnancy 


Pamela T. Osborne, MD, Luther L. Burkett, MD, George M. Ryan, Jr., MD, and 


Marlene Lane, MT(ASCP) 


Memphis, Tennessee 


A new classification of anemias, which is based on mean corpuscular volume and quantitative anisocytosis 
(red blood cell distribution width), was evaluated in 331 pregnant women on initial presentation for prenatal 
care. Seventy-four of them had severe iron depletion (serum ferritin level <10 ng/dl). Contrary to the 
above classification, early iron deficiency without anemia was infrequently identified by an increase in 
distribution width (4 of 25 patients). The distribution width was not consistently increased in the 49 anemic, 
iron-deficient patients; 34 were normal and would have been considered to have thalassemia minor or 
anemia of chronic disease according to the new classification. The distribution width was no more 
sensitive than the mean corpuscular volume in suggesting iron deficiency. This study does not confirm the 
usefulness of the new classification in the diagnosis of iron deficiency in this patient population. (Am J 


OssTeT GYNECOL 1989;160:336-9.) 


Key words: Anemia, red blood cell distribution width, iron deficiency 


Recent studies have suggested that heterogeneity in 
red blood cell size may be useful in diagnosing ane- 
mias.'* Quantitating cellular heterogeneity is now 
readily available with the particle sizing technology of 
automated blood cell counters. Red blood cell hetero- 
geneity is expressed as red blood cell distribution width, 
which is the coefficient of variation in red blood cell 
volume. A new classification of anemias, which is based 
on mean ‘corpuscular volume and red blood cell dis- 
tribution width, has been proposed** and recently re- 
viewed. Each size category (microcytic, normocytic, 
macrocytic) was further subclassified as homogeneous 
(normal) or heterogeneous (increased) red blood cell 
distribution width. Iron-deficiency anemia fell into two 
categories of this classification: miocrocytic heteroge- 
neous (low mean corpuscular volume, high red blood 
cell distribution width) and normocytic heterogeneous 
(normal mean corpuscular volume, high red blood cell 
distribution width). It was found that early iron defi- 
ciency, not yet associated with anemia or microcytosis, 
was characterized by an increase in red blood cell dis- 
tribution width,'* hence explaining its inclusion in the 
normocytic heterogeneous group and thus providing a 
clue to early diagnosis. Further, it was found that the 
red blood cell distribution width increased progres- 
sively with decreasing hemoglobin level in iron defi- 
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ciency.' Within the group of microcytic anemias, red 
blood cell heterogeneity differentiated iron deficiency 
from heterozygous thalassemia and anemia of chronic 
disease, which were homogeneous." * These observa- 
tions suggest that the red blood cell distribution width— 
mean corpuscular volume classification might be par- 
ticularly useful in the diagnosis of the iron-deficient 
state in pregnancy, both in early detection and with 
advanced anemia. The present study was undertaken 
to evaluate the usefulness of the red blood cell distri- 
bution width—mean corpuscular volume classification 
in this high-risk population. 


Material and methods 


The Regional Medical Center in Memphis, Tennes- 
see, serves as the regional referral unit for 80 counties 
in the Mid South. Perinatal clinic visits number >20,000 
each year, and approximately 50% of the pregnancies 
are in high-risk patients. This population is largely 
black and from the lower socioeconomic level. These 
women demonstrate deficiencies in prior health care 
and in nutrition that contribute to high-risk status. All 
women first seen in June 1984 at the obstetric outpa- 
tient clinic of the Regional Medical Center at Memphis 
for initial evaluation were screened with a complete 
blood count and serum ferritin level measurement. 
Blood counts, including red blood cell distribution 
width and cell histograms, were done on ethylenedi- 
aminetetraacetic acid anticoagulated blood, with the 
Coulter Counter model S-Plus IV (Coulter, Hialeah, 
Fla.). Serum ferritin levels were measured with the 
Corning iodine 125 radioimmunoassay kit (Ciba Cor- 
ning Diagnostics Corporation, East Walpole, Mass.), 
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Fig. 1. Graph depicting relationship of red blood cell distri- 
bution width (RDW) to hemoglobin in 74 iron-depleted 
patients. 


with radioactivity determined in a multiwell Isodata 
gamma counter, model 2020 (Isodata Inc., Palatine, 
Ill.). Normal red blood cell distribution width is 
13.0% + 1.5%; values >15.0% were considered ab- 
normal to allow for a duplicate error of 0.5%. A serum 
ferritin level <10 ng/dl was accepted as diagnostic of 
iron depletion.’ The relationships of hemoglobin level, 
red blood cell distribution width, and mean corpuscular 
volume were assessed in the group of patients with 
confirmed iron depletion, as indicated by a serum fer- 
ritin level <10 ng/dl. For purposes of this study, the 
World Health Organization’s definition of anemia in 
pregnancy was used (hemoglobin <11.0 gm/dl).® 


Results 


A total of 331 patients were screened during the 
period of study. Seventy-four of these patients had se- 
rum ferritin levels <10.0 ng/dl. Of the latter group, 
49 were anemic, with hemoglobin levels ranging from 
8.6 to 10.9 gm/dl. The remaining 25 women had he- 
moglobin values of 11.0 to 12.0 gm/dl. 

Fig. 1 shows the relationship between red blood cell 
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Fig. 2. Graph comparing mean corpuscular volume (MCV) 
with mean corpuscular volume (RDW) in known iron-depleted 
patients. Open circles indicate nonanemic patients, and closed 
circles indicate anemic patients. 


distribution width and hemoglobin level in the 74 pa- 
tients with iron depletion. The inverse correlation be- 
tween these two values was not significant (p = 0.098). 
In the patients with iron depletion, red blood cell dis- 
tribution width was increased in only 4 of 25 nonanemic 
patients and in only 15 of 49 patients with anemia. 
Fig. 2 shows the relationship between the red blood 
cell distribution width and mean corpuscular volume 
in this group of women. The open circles indicate pa- 
tients without anemia, and the closed circles indicate 
patients with anemia. In the majority of patients neither 
index was abnormal (49 total, 29 with anemia). The red 
blood cell distribution width was abnormal in 7 patients 
with normal mean corpuscular volume; one of them 
did not have anemia. The mean corpuscular volume 
was abnormal in 6 patients with normal red blood cell 
distribution width. In the remaining 12 patients both 
values were abnormal. Overall, the red blood cell dis- 
tribution width was abnormal in 26% and the mean 
corpuscular volume was abnormal in 24% of patients. 
It is noteworthy that 4 patients had a reduction in mean 
corpuscular volume without anemia. It is very likely 
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Fig. 3. Top histogram, Normal curve and normal red blood cell distribution width. Bottom histogram, 
Wide curve shifted to left in iron deficiency. Red blood cell distribution width ts increased. RBC, 
Red blood cells; HGB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean 
corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW, red blood cell 


distribution width. 


that these patients had thalassemia minor as well as iron 
deficiency, because the former is common in our pa- 
tient population. Also of interest was the highly signif- 
icant inverse correlation between the red blood cell dis- 
tribution width. and mean corpuscular volume (p = 
0.0001). 


Comment 


Three stages are recognized in the evolution of iron- 
deficiency anemia: iron depletion, iron-deficient eryth- 
ropoiesis, and iron-deficiency anemia.’ The serum fer- 
ritin level is sensitive in the detection of the first stage 
of anemia because the level of serum ferritin closely 
parallels ‘the amount of storage iron. Iron-deficient 
erythropoiesis develops as the supply of iron to ery- 
throid marrow becomes insufficient, and it is usually 
identifiable by a reduction in the transferrin saturation 
to <15%. During this stage of anemia, the red blood 
cell distribution width would be expected to increase 
-because a microcytic population of cells appears in the 
blood. It is only in the third stage of iron-deficiency 
anemia that reductions in the hemoglobin level and, 
later, the mean corpuscular volume are seen. In this 
study the serum ferritin level was used to evaluate iron 
status because it has a ‘greater sensitivity and specificity 
in the diagnosis of iron deficiency in pregnancy." Se- 
rum ferritin also has been found to be an extremely 
useful screen at midterm to predict patients who will 
be at risk of hematologic deficit.'! Serum iron concen- 
tration and transferrin saturation are frequently re- 
duced in pregnancy in the absence of iron deficiency 
and may therefore be misleading." 

The results of this study do not confirm previously 
observed changes in the red blood cell distribution 
width in iron deficiency and raise questions about the 


general applicability of the red blood cell distribution 
width—mean, corpuscular volume classification in this 
patient population. We did not find a significant inverse 
correlation between hemoglobin level and red blood 
cell distribution width, an increase in red blood cell 
distribution width was not a sensitive indicator of the 
early iron-deficient state, and tre anemic tron-deficient 
patient was not reliably identified by an increased red 
blood cell distribution width. It is recognized that the 
serum ferritin level reflects storage iron and a low level 
does not necessarily correlate with iron-deficient eryth- 
ropoiesis. Nevertheless, it would be anticipated that a 
greater number of the nonanemic, severely iron- 
depleted individuals would show an increase in red 
blood cell distribution width if it were indeed a sensitive 
indicator of the early iron-deficient state. The data do 
not suggest that the red blood cell distribution width is 
more sensitive than the mean corpuscular volume as 
an early index of iron deficiency. It was surprising that 
a large number of anemic patients with confirmed iron 
deficiency had a normal red blood cell distribution 
width. These patients would have been considered to 
have anemia of chronic disease or thalassemia minor 
according to the proposed classification.” * Concurrence 
of these disorders and iron deficiency would not ac- 
count for the red blood cell homogeneity, because the 
development of iron deficiency in association with el- 
ther would be expected to increase the red blood cell 
distribution width.° 

Other studies have noted significant exceptions to the 
red blood cell distribution width—mean corpuscular 
volume classification. McDonald et al.'* found that 20% 
of patients with iron-deficiency anemia who had a de- 
creased mean corpuscular volume also had normal red 
blood cell distribution width. Flynn et al." did not find 
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that the red blood cell distribution width reliably dif- 
ferentiated iron deficiency and thalassemia minor. Pa- 
tients with tuberculosis and anemia (anemia of chronic 
disease) were frequently found to have an increase in 
red blood cell distribution width, which was attributed 
to deficient iron supply to the erythron and was thus 
similar to iron deficiency.” l 
Pregnancy induces hemodynamic changes that alter 
the physiologic state sufficiently to obviate general 
rules. Tygart et al.'® found significant exceptions -to 
predictions about platelet indices in the pregnant pa- 
tient versus the normal, nonpregnant population. It 
must be concluded from our data that the red blood 
cell distribution width—mean corpuscular volume clas- 
sification has limited use in the diagnosis of iron defi- 
ciency in pregnancy, either early or advanced. The 
studies cited suggest notable exceptions in other patient 
populations as well. Nevertheless, it is-likely that the 
red blood cell distribution width will prove a useful 
index in the diagnosis of anemia when considered in 
the context of the clinical setting. It has been postulated 
that red. blood cell heterogeneity in deficiency states 
results from the presence in the blood of cohorts of 
cells of different ages, which have been variably af- 
fected by the deficiency as it progresses.'* Thus an 
increase in red blood cell distribution width reflects 
anemia in evolution from normocytic to increasingly 
microcytic or macrocytic populations of cells (Fig. 3). 
The extent to which the red blood cell distribution 
width is increased may depend on the rate of evolution 
and the severity of the anemia. Homogeneity of red 
blood cells in a number of our iron-deficient patients 
may indicate that they are in a chronic but stable state 
of negative iron balance, such that successive cohorts 
of cells have been similarly affected by the deficiency. 
Indeed it has been our observation that the red blood 
cell distribution width is more consistently increased in 
iron deficiency caused by bleeding than when associ- 
ated with pregnancy. Further study of the red blood 
cell distribution width with clinical’ correlations is 
needed before the red blood cell distribution width— 
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mean corpuscular volume classification can be accepted 
without reservation. 
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Occult human papillomavirus infection of the uterine cervix in 


postmenopausal women 


Gerard J. Nuovo, MD,"* Steven Cottral,* and Ralph M. Richart, MD*° 
New York, New York 


Occult infection is assumed when human papillomavirus is detected in the absence of unequivocal 

' cytologic or histologic changes. In this study occult human papillomavirus infection in postmenopausal 
women was examined to determine if the histologic findings with such infections were indeed 
nondiagnostic and to compare the rate of occult human papillomavirus infection in this group with that in a 
younger age group. In five of 43 cases (12%) sequences homologous to human papillomavirus 
deoxyribonucleic acid were detected in biopsy specimens from the cervices of hysterectomy specimens of 
postmenopausal women who had no history of abnormal Papanicolaou smears or genital tract neoplasms. 


This rate was not significantly different from that found in a premenopausal group of women (8%, n = 60) 
studied concurrently. Except for one case in which human papillomavirus type 11 was detected, the 
human papillomavirus types in the occult infections were distinct from those commonly associated with che 
genital tract. The histologic features of human papillomavirus infection were not found in the human 
papillomavirus—positive cases, except for one case of cervical intraepithelial neoplasia. The similar rates of 
occult infection in the two age groups suggests that about 10% of women over a wide rarge of ages may 
be infected by human papillomavirus but have no clinical or pathologic evidence of the infection. (Am J 


OssTET GYNECOL 1989;160:340-4.) 
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Human papillomavirus (HPV) is found in the ma- 
jority of venereal warts from the female genital 
tract." An association between squamous cell carci- 
noma and HPV-related genital warts has been sug- 
gested by evidence from a variety of sources. Epide- 
miologic studies have shown an increased incidence of 
squamous cell carcinoma and genital warts with several 
parameters related to sexual activity, most importantly 
the number of sexual partners.** Molecular biologic 
data implicating HPV in the pathogenesis of genital 
carcinoma include the segregation of certain HPV 
types, notably HPV 16, into precancerous lesions (in- 
traepithelial neoplasms) and carcinomas,” >° identifi- 
cation of HPV deoxyribonucleic acid sequences inte- 
grated into the genomes of cell lines derived from cer- 
vical malignancies,”* and a putative association between 
transcription of certain open reading frames (e.g., E6 
and E7) and the malignant state.” ®° Histologically, a 
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subset of genital warts (intraepithelial neoplasms) have 
in common with carcinomas a loss of cellular organi- 
zation, increased mitotic activity, and atypical mitotic 
figures." '° 

Genital warts may be dividec. into two groups on the 
basis of histologic criteria. Condylomata have nuclear 


_ atypia with perinuclear halos and multinucleate forms 


that usually are also seen in intraepithelial neoplasms 
but generally lack the other features described here.* '° 
Condylomata, which may regress, are associated with 
HPVs 6 and 1 1.'? Intraepithelial neoplasms, which por- 
tend an increased risk for the development of invasive 
carcinoma, are associated with HPVs 16, 18, 31, 33, 35, 
and others.” * 5 1% 1! 

Although the histologic assessment of the risk of pro- 
gression of genital warts has some merit, it is not pos- 
sible to exclude mixed viral infections or to distinguish 
between low-risk and intermediate- or high-risk viral 
types on histologic criteria alone. For example, we and 
others? have detected HPV 16 in histologically defined 
condylomata that presumably carry an increased risk 
of evolving into malignancy. Hence some investigators” 
believe that, regardless of the histologic classification, 
all HPV-associated lesions should be treated to reduce 
the risk of a subsequent malignancy. 

The histologic changes associated with HPV may be 
viewed as a spectrum with multinucleate forms, peri- 
nuclear halos, and nuclear atypia present in varying 
degrees. An occult infection by the virus is assumed to 
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have occurred when viral deoxyribonucleic acid (DNA) 
sequences are found in the absence of characteristic 
cytologic or histologic changes. However, at the “lower 
end” of the spectrum it mav be difficult to separate 
HPV-related changes and “nonspecific changes.” The 
practical problem for the pathologist is the interpre- 
tation of cytologic and histologic changes that are 
suggestive, but not diagnostic, of an HPV-related in- 
fection. Although the increased nuclear-cytoplasmic ra- 
tio and nuclear atypia seen in women in the post- 
menopausal age group has been ascribed to atrophic 
changes, it has not been studied in detail. In this regard 
this study addressed three questions. What is the in- 
cidence of occult HPV infection in postmenopausal 
women? How does this incidence compare to the rate 
in premenopausal women? Is occult infection in this 
age group associated with characteristic histologic 
changes such as perinuclear halos and “suggestive” nu- 
clear atypia? 


Material and methods 


Case selection. The cervices from 103 hysterectomies 
were studied; 43 were from postmenopausal women. 
The criteria for selection were that there was no history 
“of neoplasia of the cervix, vulva, or vagina and that 
Papanicolaou smear was negative. The majority of the 
hysterectomies were done because of leiomyomas or 
uterine prolapse; seven were done because of endo- 
metrial adenocarcinoma. In each case a 1.0 x 0.5 x 
0.5 cm section of the cervix centered at the transfor- 
mation zone was removed before fixation. This was 
bisected, and total cellular DNA was extracted from one 
half while the other half was stored at — 70° C. Rep- 
resentative sections were submitted for histologic study 
in all cases. In the cases in which HPV DNA was de- 
tected and in a sample of the negative controls, the 
entire cervix was blocked and sectioned as was the re- 
maining half of the tissue from which the DNA was 
extracted. 

DNA extraction and HPV detection. Total cellular 
DNA was extracted and analyzed by dot blot hybridi- 
zation as previously described.” The probe labeled with 
phosphate 32 contained DNA from HPVs 11, 16, 18, 
and, in some, 51; the specific activity was atleast 3 x 10° 
dpm/wg of DNA. The filters were washed at both low 
and high stringency and exposed to x-ray film for 1 to 
5 days. DNA obtained from an apparently normal cer- 
vix and, in some cases, endometrium as well as from 
the plasmic pUC19 (which was the vector used to clone 
the HPV DNA) served as the appropriate negative con- 
trols. We noted that the signals with dot blot hybridi- 
zation at times may be difficult to interpret because of 
background problems. This is related to the amount of 
total cellular DNA used per sample. We determined 
that by using 2.5 ug of total cellular DNA and the 
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Fig. 1. Dot blot hybridization analysis of cervical DNA for 
HPV. A total of 2.5 ug of cellular DNA was analyzed for HPV 
at low stringency with a probe labeled with *P and containing 
sequences from HPVs 11, 16, and 18. Al2 and BJO are cases 
where sequences homologous to HPV DNA were detected in 
the cervices of a premenopausal woman and a postmenopausal 
woman, respectively, who had no clinical or pathologic evi- 
dence of the infection. The positive controls containing 200 
pg of viral DNA are C2 (HPV 11), C3 (HPV 16), and C4 (HPV 
18). The negative controls are C6 (pUC19, 200 pg) and C7 
(2 ug of DNA from a cervix that did not contain detectable 
HPV DNA). 


appropriate controls, problems in interpretation from 
the background noise were minimized. As an additional 
control, representative positive cases were analyzed by 
Southern blot hybridization. In each case the expected 
8 kb band was identified. Finally, these studies were 
analyzed concurrently with tissues from condylomata, 
intraepithelial neoplasms, and carcinomas; the dot blot 
hybridization signals were read blindly with respect to 
the histologic diagnoses. 

Histologic analysis. The sections from the HPV- 
positive and HPV-negative cases were coded and read 
blindly with respect to HPV detection. The sections 
were scored as positive or negative for parakeratosis, 
acanthosis, papillomatosis, atrophy, perinuclear halos, 
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Table I. Histiologic features of cervical tissues 






HPV DNA 
Positive 
Postmenopausal (n = 5) 4 
Premenopausal* (n = 4) re; 
Negativef (n = 21) 5 


*One case was cervical intraepithelial neoplasia. 


Perinuclear Borderline 
Parakeratosis halos nuclear atypia 
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Papillomatosts 
or acanthosis 


+All negative cases were from postmenopausal women. Atrophic changes were seen in two thirds of the cervices from post- 


menopausal women. 


and nuclear atypia. The final category was subdivided 
as follows: marked nuclear atypia with frequent binu- 
cleate and multinucleate forms (diagnostic of an HPV 
infection), nuclear atypia suggestive but not unequivo- 
cally diagnostic of a condyloma or intraepithelial neo- 
plasia with rare binucleate and multinucleate forms, or 
no or very minimal nuclear atypia. The criteria used 
for nuclear atypia were anisonucleosis, irregular nu- 
clear membranes, hyperchromatism, and irregular 
chromatin clumping. 

In situ hybridization. Selected sections from the 
HPV-positive cases were analyzed by DNA-DNA in situ 
hybridization with a probe labeled with sulfur 35 (at 
least 5 x 10° dpm per section) containing HPVs 11, 16, 
and 18. Briefly, total cellular DNA and probe DNA (300 
ng/ml) were denatured together by incubation at 
90° C for 10 minutes. The sections were incubated over- 
night at 42° © and then washed in a solution containing 
2 x SSC (1 x SSC is 0.15 mol/L sodium chloride and 
0.015 mol/L sodium citrate), 0.1% sodium dodecyl sul- 
fate, and 0.1% sodium pyrophosphate at 42° C for 60 
minutes. The sections were subsequently washed at 
42° C for 1 to 3 hours with a 1:10 dilution of this 
solution. The slides were dipped in a photographic 
emulsion (NTB-2, Eastman Kodak Co.), exposed for 5 
to 7 days, and developed. 


Results and comment 


Of the 103 cervices analyzed, 43 were from post- 
menopausal women with a mean age of 61. The mean 
age of the premenopausal group was 41. The incidence 
of occult HPV infection of the cervix in these groups 
was determined by analyzing total cellular DNA for 
sequences homologous to HPV. In the postmenopausal 
group five cases (12%) had DNA sequences homolo- 
gous to HPV 11, 16, 18, or 51 (Fig. 1). The rate in the 
premenopausal group was similar (five positive, 8%). 
One of these 10 cases contained HPV 11 as determined 
by the lack of change in the hybridization signal with 
an HPV 11 probe after a low-stringency hybridization 
and low- and high-stringency washes. The others were 
“novel types,” i.e., types related to but distinct from 
the HPV sequences present in the probe. The copy 
number as ascertained by comparison with standards 


containing varying amounts of HPV 11 ranged from 
50 to 200. 

The HPV-positive cases ard some of the HPV- 
negative cases were analyzed histologically as detailed 
in the Material and methods section. One case in the 
premenopausal group contained cervical intraepithe- 
lial neoplasia whereas one case in the postmenopausal 
group contained adenocarcinoma in the endometrium, 
cervix, and left fallopian tube. As shown in Table I, 
perinuclear halos and nuclear atypia suggestive of an 
HPV infection were found in similar proportions in the 
HPV-positive and HPV-negative groups. Parakeratosis 
was the only feature noted at a higher rate in the HPV- 
positive cases from postmenopausal patients. 

Representative sections of the cases in which HPV 
DNA was detected, including the residual half of the 
tissue from which the HPV was extracted, were ana- 
lyzed for HPV by in situ hybridization. In no case could 
viral DNA be localized with this technique. 

This study demonstrates that the rate of occult in- 
fection of the cervix in postmenopausal women un- 
dergoing hysterectomy (12%) is similar to the rate in a 
concurrently studied premenopausal group (8%). Ex- 
cept for one case in which HPV 11 was detected, the 
HPV types were distinct from the common types (HPVs 
11, 16, and 18) that infect the zervix. Perinuclear halos 
and nuclear atypia suggestive of an HPV infection were 
found in similar proportions in the cervices of post- 
menopausal women from which HPV was and was not 
detected. 

This study confirms and expands to postmenopausal 
women previous findings that occult infection of the 
cervix is not associated with characteristic pathologic 
features, specifically, perinuclear halos or suggestive 
nuclear atypia.’ In that study, where the patient pop- 
ulation was primarily premenopausal, parakeratosis 
was noted in similar proportions in the HPV-positive 
and HPV-negative group. However, in this study para- 
keratosis was more commonly found in the group in 
which HPV DNA was detected. It may be argued that 
the HPV-positive cases represent infections associated 
with condylomata or intraepithelial neoplasms that 
were missed because of incomplete sampling. To min- 
imize sampling error, we examined the tissue directly 
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adjacent to that from which the HPV DNA was ex- 
tracted. Although inaccuracies with sampling cannot be 
ruled out entirely, other investigators also have detected 
HPV in “normal” tissues from the genital tract." 

The precise epithelial location of the virus in occult 
infections remains unknown. It is possible that in occult 
infection the virus infects a large number of cells but 
is present in low-copy number. This is supported by 
the observations that the viral DNA was not detected 
by in situ hybridization, which has a threshold of 20 to 
50 copies per cell’ and that the detection rate of HPV 
in the cervix is similar with random biopsies and cervical 
swabs. !*: 15, 16 

Lorincz et al." and DeVilliers et al.'° have reported 
occult infection rates in premenopausal women of 
about 10%; this rate is consistent with the findings in 
this report. However, DeVilliers et al., who noted this 
rate in women from 20 to 50 years old, stated that the 
rate in postmenopausal women was about 5%. There 
are several possible explanations for the discrepancy 
between that study and the present one. (1) The pop- 
ulations may differ in terms of risk factor(s) for ac- 
quiring HPV infection. (2) The study of DeVilliers 
et al. used DNA extracted from exfoliated cells. This 
may underestimate the infection rate in postmeno- 
pausal women because the proportion of mature, ex- 
foliated cells is:‘less in this group than in the premeno- 
pausal group. 

Although we noted that the occult infection rate in 
postmenopausal women is equivalent to that found in 
premenopausal women, the rate of overt infection is, 
as expected, much different. During this calendar year 
(1988) about 90% of cases of cervical condylomata and 
intraepithelial neoplasms at this hospital occurred in 
premenopausal women. 

It is possible to identify three groups in the spectrum 
of HPV infection of the cervix. At one end of the spec- 
trum is squamous cell carcinoma. This is a relatively 
rare event considering the large number of people in- 
fected by HPV. Invasion is associated principally with 
HPVs 16, 18, 31, and 35.568 In the middle of the 
spectrum is the predominant group—condylomata 
and intraepithelial neoplasms—that occurs primarily 
in the premenopausal age group. These lesions are 
associated principally with HPVs 6/11 and 16.75 1% 1! 
Finally, occult infections are seen at the “lower” end of 
the spectrum with a prevalence of about 10%. This end 
of the spectrum has been poorly studied because, by 
definition, the infection will be missed when conven- 
tional screening techniques are used. Occult infections 
are associated with novel HPV types that are at present 
uncharacterized. 

The observation that the rates of occult infection are 
similar in the premenopausal and postmenopausal age 
groups suggests that occult infection may persist for 
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extended periods of time. This assumes that the rate 
of new infections by HPV is higher in the premeno- 
pausal age group. The observation that the rates of 
condylomata and cervical intraepithelial neoplasms are 
ninefold greater in the premenopausal age group than 
in the postmenopausal age group is consistent with this 
assumption. Perhaps the HPV types, as yet uncharac- 
terized, that are responsible for occult infections lack 
some characteristic(s) required for producing recog- 
nizable changes in the infected epithelium. Neverthe- 
less, these novel HPV types apparently can persist in 
these cells. Alternatively, perhaps there are some host 
factor(s) that prevent the virus from causing recogniz- 
able pathologic changes. We are in the process of fur- 
ther characterizing the HPV types associated with oc- 
cult infections. The information from such studies may 
help to explain the spectrum of changes associated with 
HPV infections, which appear to range from those that 
are not detectable through those that have a tendency 
to regress to those that portend a high risk for the 
development of malignancy. 


We appreciate the assistance of Dr. Saul J. Silverstein 
and the technical assistance of Dr. Young Sook Kim. 


REFERENCES 


l. Broker TR, Botchan M. Papillomaviruses: retrospectives 
and prospectives. In: Botchan MT, Grodzicker T, Sharp 
PA, eds. Cancer cells/DNA tumor viruses. Cold Spring 
Harbor, New York: Cold Spring Harbor Laboratory, 
1986:17-36. 

2. Crum CP, Mitao M, Levine RU, et al. Cervical papulo- 
maviruses segregate within morphologically distinct pre- 
cancerous lesions. J Virol 1985;54:675-81. 

3. ZurHausen H. Papillomaviruses in human cancer. Cancer 
1987;59:1692-6. 

4. LaVecchia C, Franceschi S, Decarli A, et al. Sexual factors, 
venereal disease, and the risk of intraepithelial and in- 
vasive cervical neoplasia. Cancer 1986;58:935-41. 

5. Nuovo GJ, Crum CP, Silverstein SJ. Papillomavirus in- 
fection of the uterine cervix. Microbiol Pathol 1987;3:71- 
83. 

6. Tsunokawa Y, Takebe N, Nozawa S, et al. Presence of 
human papillomavirus type 16 and type 18 DNA se- 
quences and their expression in cervical cancers and cell 
lines from Japanese patients. Int J Cancer 1986;37:499- 
503. 

7. Lehn H, Villa LL, Marziona F, et al. Physical state and 
biological activity of human papillomavirus genomes in 
precancerous lesions of the female genital tract. J Gen 
Virol 1988;69:187-96. 

8. Shirasawa H, Tomita Y, Sekiya S, et al. Integration and 
transcription of human papillomavirus type 16 and 18 
sequences in cell lines derived from cervical carcinomas. 
J Gen Virol 1987;68:583-7. 

9. Androphy EJ, Hubbert NL, Schiller T, et al. Identification 
of the HPV 16 E6 protein from transformed mouse cells 
and human cervical carcinoma cell lines. EMBO J 
1987;6:989-92. 

10. Richart RM. Causes and management of cervical intra- 
epithelial neoplasia. Cancer 1987;60:1951-9. 

11. DiLuca D, Pilotti S, Stefanon B, et al. Human papillo- 
mavirus type 16 DNA in genital tumors: a pathological 
and molecular analysis. J Gen Virol 1986;67:583-9. 


Nuovo, Cottral, and Richart 


12. Nuovo GJ, Nuovo MA, Cottral S, et al. Histological cor- 
relates of clinically occult human papillomavirus infection 
of the uterine cervix. Am J Surg Pathol 1988;12:198-204. 

13. Ferenczy A, Mitao M, Nagai N, et al. Latent papilloma- 
viruses and recurring genital warts. N Engl J Med 
1985;313:784-8. 

14. Macnab JC, Walkinshaw SA, Cordiner JW, et al. Human 
papillomavirus in clinically and histologically normal tis- 
sue of patients with genital cancer. N Engl J Med 
1986;15:1052-8. 


February 1989 
Am J Obstet Gynecol 


15. Lorincz AT, Temple CF, Patterson JA, et al. Correlation 
of cellular atypia and human papillomavirus DNA se- 
quences in exfoliated cells of the uterine cervix. Obstet 
Gynecol 1986;68:508-12. 

16. DeVilliers EM, Schneider A, Miklaw H, et al. Human 
papillomavirus infections in women with and without ab- 
normal cytologies. Lancet 1987;1:703-6. 





Expression of the ras oncogene in gynecologic tumors 


Timothy J. O’Brien, PhD, Gary A. Bannon, PhD, David S. Bard, MD, 
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Little Rock, Arkansas 


Control of oncogene expression has been shown to be a coordinated regulatory mechanism in normal 
growth and development. Overt expression of these genes aliso has been noted in transformed or 
neoplastic cell types. The ras family of oncogenes has been shown to be particularly evident among genes 
expressed in malignant tissues. We provide evidence, using ribonucleic acid dot analysis and Western blot 
analysis of gynecologic tumor extracts, that ras expression may be a common occurrence in these 
malignancies. Furthermore, the ras-related peptides can be detected in sera of some patients with tumors. 


(Am J Osstet GYNECOL 1989;160:344-52.) 
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gynecologic tumors 


Several tumor-associated proteins measurable in 
blood can be used to monitor tumor regression, pro- 
gression, or recurrence.' For patients with gynecologic 
malignancies, two such proteins are useful indicators 
of disease status; they are human chorionic gonado- 
tropin (hCG) for trophoblastic disease and CA 125 for 
serous ovarian cystadenocarcinomas.”* Unfortunately, 
there are few monitoring systems for most patients with 
gynecologic cancer. Recent investigations offer the 
promise that monitoring the expression of oncogenes 
may provide a new approach to evaluating patients with 
solid malignant tumors.*° 

Cellular oncogenes are expressed as an intrinsic part 
of the transformed or neoplastic phenotype.* This 
group of genes, numbering about 40, plays a deter- 
mining role in normal cellular development and dif- 
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ferentiation.*’ That oncogene expression is intrinsically 
associated with the neoplastic growth of human tumors 
is supported by the findings of Slamon et al.,2 who 
showed that the oncogenes myc and ras are commonly 
expressed in almost all of 54 malignant tumors ex- 
amined. They also reported a high incidence of fos 
expression and a less frequent expression of fes, fms, 
src, myb, and abl in some subclasses of tumor. Of the 
gynecologic malignancies evaluated, seven of eight ex- — 
pressed myc, Ha-ras, and K-ras, as determined by mes- 
senger ribonucleic acid (mRNA) dot blot analysis. In 
addition, fos was highly expressed, and in some ovarian 
tumors fms expression also was noted. 

The protein products of several oncogenes have been 
identified in fixed or frozen sections of tumors removed 
at the time of surgery. Several recent reports described 
the presence of ras-encoded and ras-related peptides in 
tumor tissues, including primary and metastatic colo- 
rectal tumors, prostatic carcinomas, malignant and be- 
nign colonic tumors, and carcinomas of the breast.*!” 
In colorectal carcinoma, p21 expression was found to 
be increased significantly in primary tumors as com- 
pared with normal tissues.’ In prostatic carcinoma the 
amount of p21 correlated with lack of differentiation 
of the tumors.” In contrast, neither prostatic acid phos- 


— 
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phatase nor carcinoembryonic antigen correlated with 
tumor grade or malignant potential. In colonic cancers 
p21 was expressed at a higher level in malignant disease 
than in either benign or normal tissue with immuno- 
peroxidase techniques." Elevated ras expression also 
has been shown to correlate with lymph node metastasis 
in patients with breast cancer (unpublished data). 

As part of a continuing investigation designed to as- 
sess the clinical utility of assaying oncogene peptide 
products in association with gynecologic malignancies, 
we examined expression of the ras oncogenes in pa- 
tients with genital tract cancer. We chose ras for our 
initial investigation because of the following: (1) The 
ras family of genes is well characterized; (2) the peptide 
products of these genes are known and have been se- 
quenced; (3) monoclonal and polyclonal antibodies are 
available for detecting ras peptides; (4) the ras gene 
products have been detected in several kinds of malig- 
nant tissues. In this study we present evidence that ras 
is expressed in several gynecologic malignancies and 


that its peptide product, p21, can be found in sera of 


patients with gynecologic cancer. 


Material and methods 


Tissues and sera. All tissues were obtained at the 
time of surgery and were placed immediately in ice- 
cold phosphate-buffered saline solution. They then 
were diced into 2 to 3 mm cubes and stored frozen at 
—70° C until needed. Blood samples were collected in 
red-top tubes and allowed to clot. The separated serum 
was stored frozen at —70° C until needed. 

mRNA dot blots. RNA was extracted by the guani- 
dine isothiocyanate method of Chirgwin et al., layered 
over 6.7 mol/L cesium chloride, and centrifuged in a 
Beckman SW 490 rotor at 35,000 rpm for 16 hours. 
The resultant RNA pellet was dissolved in 10 mmol/L 
Tris (pH 7.5), 1 mmol/L ethylenediaminetetraaceuc 
acid, and 0.2% sodium dodecyl sulfate. After the ad- 
dition of 0.25 mol/L sodium acetate the RNA was pre- 


cipitated by the addition of two to three volumes of 


ethanol and stored at —70° C under ethanol until 
needed. For mRNA purification, total RNA was dis- 
solved in 20 mmol/L Tris (pH 8.0), 250 mmol/L eth- 
ylenediaminetetraacetic acid, 75 mmol/L sodium chlo- 
ride, and 0.5% sodium dodecyl sulfate, then heat 
shocked for 1.5 minutes at 90° C. The RNA was im- 
mediately cooled according to the method of Thomas."* 
An equal volume of 2 Xx binding buffer (1.0 mol/L 
sodium chloride, 20 mmol/L Tris [pH 8.0], and 0.2% 
N-lauroylsarcosine) was added and the sample loaded 
onto an oligo dt cellulose column (Collaborative Re- 
search), according to Avid and Leder.'' The column 
was washed with | X binding buffer until the optical 
density at 260 nm approached zero. The column was 
then eluted with 0.01 mol/L Tris, pH 8.0, and 0.1% 
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N-lauroylsarcosine. mRNA was precipitated with two 
volumes ethanol after addition of sodium acetate to a 
final concentration of 0.3 mol/L. The resultant mRNA 
pellet was stored under ethanol —70° C until needed. 
Dot blotting was performed by transfer of RNA to ni- 
trocellulose filters by use of 1:3 serial dilutions for five 
dilutions of a 10 pg starting RNA load. Filters were 
washed and hybridized according to conditions de- 
scribed by Thomas." The c-H-ras clone used to probe 
dot blot filters is a 6.6 kb insert subcloned from a 
Charon 4A genomic clone of the H-ras-gene. This frag- 
ment was subcloned as a BamH I fragment into a 
BamH site of pBR322. The plasmid was propagated in 
the Escherichia coli K-12 derivative HB 101 and was 
labeled with phosphate 32—nucleotide triphosphates 
and deoxyribonucleic acid (DNA) polymerase I. 

Polyacrylamide gel electrophoresis, blotting, and 
probing. Tumor tissues were extracted in four volumes 
of buffer (4 mmol/L Tris hydrochloride, pH 6.8) per 
unit weight of tissue. Routinely, 200 mg of tissue in 0.8 
ml of buffer was processed. Tissue was homogenized 
on a Tekmar microprobe homogenizer with three 5- 
second bursts; homogenization was interrupted by 
cooling on ice for 2 minutes between bursts, Extracts 
were centrifuged at 10,000 g for 20 minutes; the su- 
pernatant was removed and divided into 200 wl ali- 
quots. Samples were reduced to dryness on a Speedvac 
lyophilizer. Samples were resuspended in 40 pl sample 
buffer (62.5 mmol/L Tris [pH 6.8], 5% mercaptoeth- 
anol, 10% glycerol, and 3% sodium dodecyl sulfate) and 
boiled for 2 minutes before electrophoresis on 12% 
sodium dodecyl sulfate—polyacrylamide gels. Electro- 
phoresis was carried out for 3 1/2 hours at 200 V ac- 
cording to Laemmli. The gels were transblotted to 
nitrocellulose filters in Tris-glycine buffer (25 mmol/L 
Tris [pH 8.3], 192 mmol/L glycine, 20% vol/vol meth- 
anol) overnight at 40 V. Unoccupied nitrocellulose 
binding sites were saturated by exposing the filters to 
“blotto” (5% Carnation powdered milk in phosphate- 
buffered saline solution with 0.05% azide)'® at 4° C for 
2 hours. Primary antibody diluted 1: 200 in blotto was 
incubated with the filters overnight at 4° C. Second 
antibody (goat antirabbit for the polyclonal primary 
antibody or rabbit antimouse for the monoclonal pri- 
mary antibody) was incubated at 1:1000 dilution 
(Cooper Biomedicals Co.) for 2 hours at 4° C. Filters 
were then rinsed twice in phosphate-buffered saline 
solution and exposed to protein A labeled with iodine 
125 (10° cpm/ml) for 90 minutes at room temperature. 
Unbound ['*I]—protein A was removed by rinsing the 
filter five times with phosphate-buffered saline solu- 
tion. Filters were exposed to x-ray film overnight at 
—70° C, and the film was developed in an automatic 
film developing machine. 

Fast protein liquid chromatography. Serum samples 
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Fig. 1. H-ras mRNA dot blot in gynecologic tumors. Lane /, serous ovarian carcinoma; 2. uterine 
sarcoma; 3 and 4, serous ovarian carcinoma; 5, endometrioid ovarian carcinoma: 6, endometrial 
adenocarcinoma; 7, serous Ovarian carcinoma; 8, normal myometrium; 9, normal endometrium; 


10, normal myometrium. 


Table I. Relative ras expression: Conversion of 
dot blot data with densitometer readings used 
to derive relative abundance of H-ras mRNA 
in 10 tissue extracts 


Relative mRNA 





Tissue type content 
Serous ovarian carcinoma | 
Uterine sarcoma 3 
Serous ovarian carcinoma 2 
Serous ovarian carcinoma 3 
Endometrioid ovarian carcinoma 4 
Endometrial adenocarcinoma 3 
Serous ovarian carcinoma 2 
Normal myometrium | 
Normal endometrium ] 
Normal myometrium | 





were diluted from 100 to 500 ul with 20 mmol/L Bis- 
Tris propane (pH 7.2), then passed over a mono Q 
anion exchange column (Pharmacia, Inc.), with a linear 
sodium chloride gradient (0 to 375 mmol/L) used to 
elute the bound proteins. Fractions of | ml were col- 
lected and 200 pl aliquots were dot blotted to nitro- 
cellulose with a Schleiker and Schuell dot blot appa- 
ratus. Nitrocellulose filters were blocked with blotto and 
probed as described previously. When individual or 
pooled samples were subjected to a second dimension 
of analysis on sodium dodecyl sulfate—polyacrylamide 
gels, they were dialyzed against 4 mmol/L. Tris hydro- 
chloride (pH 6.8) and lyophilized to dryness before 
resuspension in sodium dodecyl sulfate. 

Analysis of serum samples for ras-related peptides. 
Albumin was removed from serum samples for poly- 
acrylamide gel electrophoresis to overcome excessive 
distortion of the gels caused by protein overloading. 
Serum (100 wl) was incubated with 0.5 ml of affigel 
blue—agarose (Biorad, Inc.) for 30 minutes at 4° C. 
Samples were then centrifuged at 2000 g for 10 minutes 
at 4° C, and the supernatant was removed and reduced 


to dryness by lyophilization or equilibrated with sodium 
dodecyl sulfate sample buffer and electrophoresed di- 
rectly on 12% sodium dodecyl sulfate—polyacrylamide 
gels after the sample was boiled for 2 minutes. Blotting 
and probing of the filters were carried out as described. 

Immunoprecipitation of ras peptides. Normal tis- 
sues and benign or malignant tumor tissues were ex- 
tracted with four volumes of buffer (4 mmol/L Tris- 
hydrochloride, pH 6.8) per unit weight of tissue as 
described. Aliquots of extract (200 pl) were diluted 
with 300 wl of albumin buffer (50 mmol/L Tris- 
hydrochloride containing 0.5% bovine serum albumin, 
pH 67.8) and incubated with 2.5 pl (1; 100 dilution) of 
monoclonal ras antibody overnight at 4° C. The follow- 
ing morning 200 wl of rabbit antimouse immunoglob- 
ulin, attached to agarose beads (Biorad, Inc.) diluted 
1; 20, was added to the incubation mix and incubated 
on a shaker for 2 hours at room temperature. The 
beads were removed by centrifugation at 2000 g for 10 
minutes and washed twice with 1.5 ml of phosphate- 
buffered saline solution. The beads were then boiled 
in 100 yl of electrophoresis sodium dodecyl sulfate 
buffer, and 40 ul of each sample was electrophoresed 
as described above. After electrophoresis the peptides 
were transferred from the polyacrylamide gel to a ni- 
trocellulose blot and probed with monoclonal ras an- 
tibody overnight as before. Antibody binding was lo- 
calized with rabbit antimouse used as second antibody; 
it was diluted 1: 1000 in blotto and incubated for 2 
hours at 4° C. The blot was washed three times in 
phosphate-buffered saline solution and incubated with 
10 ml ['*I]—protein A (10° cpm/ml) for 90 minutes at 
room temperature. After washing, the filter was ex- 
posed to x-ray film at — 70° C overnight. 


Results 


c-H-ras RNA transcripts and p21 ras peptides in 
gynecologic tumors. To determine the level of expres- 
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Fig. 2. Analysis of gynecologic tumor extracts for p21 and related proteins by Western blotting with 
polyclonal anti-ras antibodies (A) and monoclonal anti-ras antibodies (B). Lane 7, endometrioid 
ovarian carcinoma; 2 to 4, serous ovarian carcinoma; 5, uterine sarcoma; 6, endometrial adenocar- 
cinoma. C, Normal and benign tissue extracts. Left, Polyclonal; right, monoclonal. Lane 7, myome- 
trium; 2, endometrium; 3, hyperplasia. D, Immunoprecipitation of normal tissue and benign and 
malignant tumor tissue extracts. Lanes 7 and 2, serous ovarian carcinoma; 3 and 4, leiomyomas; 5 


and 6, myometrium; 7, endometrium. 


sion of the H-ras gene in gynecologic neoplasms, we 
extracted RNA from a series of tumor tissues and 
neighboring normal tissues. With the dot blot tech- 
nique, serial dilutions of RNA were made and probed 
with a radioactive c-H-ras DNA probe. The presence 
of c-ras MRNA is observed by the retention of the DNA 
probe on the filter, which when exposed to x-ray film 
is converted to an increased density of the dot. 

Fig. | shows a series of RNA extracts from seven 
malignant tumors (lanes 1 to 7) compared with RNA 
extracted from three normal tissues (lanes 8 to 10). This 
approach indicates that several malignant tumor ex- 
tracts contain increased levels of H-ras mRNA. When 
data are converted numerically by use of densitometer 
readings, the results can be tabulated on a relative 
abundance scale of 1 to 4. As such, it is apparent that 
the uterine specimens (lane 2, the sarcoma, and lane 
6, the endometrial adenocarcinoma) and the endo- 
metrioid carcinoma of the ovary (lane 5) all contain 
relatively high levels of H-ras mRNA (Table 1). 

To confirm that the H-ras—-encoded mRNA was 
translated in tumor tissues, six tumor extracts that con- 
tained H-ras—encoded mRNA together with two nor- 


mal tissue extracts and one benign tissue extract were 
prepared for sodium dodecyl! sulfate—polyacrylamide 
gel electrophoresis and Western blot analysis. We found 
that the malignant tumor tissues also contained de- 
tectable amounts of the p21-encoded peptide product 
(Fig. 2, A and B). Whether the immunoblots were 
probed with a polyclonal antibody (Fig, 2, A) (which 
recognizes epitopes toward the amino terminal of the 
p21 molecule) or with a monoclonal antibody (which 
recognizes the amino acid sequence 96-118 located to- 
ward the carboxyl end of the molecule), p21 was de- 
tected (Fig. 2, B). The polyclonal antibody also rec- 
ognized lower-molecular-weight species (18,000 to 
14,000 daltons), which probably represent proteolytic 
products of the native ras-encoded peptide (Fig. 2, A). 
In addition, the polyclonal antibody also recognized 
ras-related peptides of higher molecular weight in all 
four of the malignant ovarian tumor extracts (lanes | 
to 4, Fig. 2, A). The uterine sarcoma extract contained 
a 180 kd species (lane 5, Fig. 2, A). The uterine sarcoma 
extract contained a 180 kd species (lane 5, Fig. 2, A), 
and the endometrial carcinoma extract contained a 190 
kd species (lane 6, Fig. 2, A). These ras-related species 
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Fig. 3. Fast protein liquid chromatography of sera from normal patients (A) and from patients with 


tumors (B) probed with anti-ras antibodies. 


and those recognized at approximately 45 kd (Fig. 2, 
A, lane 3) are probably products of genes with epitopes 
or domains shared with p21. Further confirmation that 
ras-encoded p21 is present in malignant tumor extracts 
was obtained by probing gels with a monoclonal anti- 
body raised against a highly conserved region in the 
p21 peptide” (Fig. 2, B). As with the polyclonal anti- 
body, ras-related peptides of high molecular weight 
were recognized by the monoclonal antibody. Normal 
and benign tissue extracts probed with polyclonal or 
monoclonal antibody (Fig. 2, C) did not exhibit the 
same intensity of banding shown by the malignant tu- 
mor extracts, except for lane 3 (the endometrial hy- 
perplasia extract). where monoclonal antibody did 
identify some p21. Some ras-related bands also were 
recognized in normal and benign extracts with both 
monoclonal and polyclonal antibodies. Immunoprecip- 


itation of ras-related peptides from extracts of normal, 
benign, and malignant tumor tissues with monoclonal 
antibody followed by electrophoresis and Western blot- 
ting further demonstrated the presence of these pep- 
tides in malignant tumor tissues (Fig. 2, D, lanes | 
and 2). No immunoprecipitable peptides were de- 
tected in normal endometrium or myometrial extracts 
(Fig. 2, D, lanes 5 to 7), and a single peptide migrating 
at 21,000 daltons was detected in one (Fig. 2, D, 
lane 4) of two extracts of leiomyomas. 

ras Peptides and related peptides in patients’ sera. 
The presence of both mRNA and p21 in gynecologic 
tumor extracts led us to assay blood from patients with 
malignant tumors for p21] and ras-related peptides. 
Sera from patients with malignant tumors and normal 
subjects were fractionated on the basis of charge on a 
mono Q anion exchange column with a fast protein 
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Fig. 4. Two-dimensional analysis of ras and ras-related peptides. Fast protein liquid chromatography 


with gradient elution followed by sodium dodecyl sulfate—polyacrylamide gel electrophoresis of pool 


fractions, Western blotung, and ras detection with monoclonal anti-ras antibody. A, Tumor serum: 


B, normal serum. 


liquid chromatography system. The serum was frac- 
tionated because preliminary studies demonstrated ex- 
cessive nonspecific binding of antibodies to other serum 
proteins. Eluted fractions were dot blotted to nitrocel- 
lulose, incubated with polyclonal anti—H-ras antibod- 
ies, and probed with ['*’I]—goat antirabbit immuno- 
globulin G. The antibody bound to the early eluting 
fracuons of serum obtained from both patients with 
malignant tumors and normal subjects (Fig. 3, A). In 
contrast, the antibody bound to postalbumin eluates 
(fractions 26 to 34) only in sera obtained from tumor- 
bearing patients (Fig. 3, B). These results suggest that 
ras-encoded or ras-related proteins can be detected in 
sera obtained from patients with malignant tumors. 
This approach, however, is ime consuming, is cum- 
bersome, and has limitations if multiple samples are to 
be evaluated. Furthermore, without knowledge of the 
molecular weight of the observed binding species, it is 
not possible to ascertain whether the antibody is bind- 


ing to H-ras—encoded p21 or to other ras-related pro- 


teins. To confirm that dot blot analysis of sera frac- 
tionated by fast protein liquid chromatography was 
recognizing p21 peptides, fast protein liquid chroma- 
tography elution fractions were pooled, dialyzed, con- 
centrated, and electrophoresed on sodium dodecyl 
sulfate—containing polyacrylamide gels. Peptides thus 
separated by size were probed with the monoclonal 
antibody. Western blots confirmed the presence of the 
ras-encoded p21 peptide in serum from a patient with 
a malignant tumor (Fig. 4, A) and the absence of p21 
in control serum (Fig. 4, B). 

To process muluple serum samples simultaneously, 
we electrophoresed them on 12.5% sodium dodecyl 
sulfate—polyacrylamide gels in an effort to detect the 
p21 protein. Proteins were transferred to nitrocellulose 
and probed with the polyclonal and monoclonal anti- 
bodies. Under direct electrophoresis conditions, high 
concentration of proteins in serum (particularly albu- 
min) resulted in the overloading and distortion of 
antibody-reactive bands (data not shown). When al- 
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Fig. 5. Western blotting of serum samples from both normal patients and patients with tumors (A 
and B) after sodium dodecyl sulfate—polyacrylamide gel electrophoresis followed by ras detection 


with polyclonal antibodies. 


bumin was removed by affigel blue (see Material and 
methods section for details) before sodium dodecyl 
sulfate—polyacrylamide gel electrophoresis, p21 was 
readily detected by Western blot (Fig. 5) in 11 of 15 
malignant tumor sera and none of two control sera 
shown here. Overall 23 of 35 malignant tumor sera and 
one of six normal sera were shown to contain p21 by 
Western blot analysis. Other prominent bands detected 
by the polyclonal antibodies migrate with apparent mo- 
lecular weights of 14 kd (Fig. 5, A) and 55 kd (Fig. 
5, A and B). Reactive bands at 50 and 30 kd likely 
represent immunoglobulin G heavy and light chains 
that react with the second antibody (goat antirabbit im- 
munoglobulin G) used in this assay. We compared the 
relative concentrations of ras-related proteins in sera 
from patients with malignant gynecologic tumor and 
from normal subjects. Both the 21 and 14 kd proteins 


were more abundant in sera from patients with malig- 
nant tumors (Fig. 5, A, lanes | to 7, B, lanes 11 to 18) 
than in sera from normal subjects (Fig. 5, A, lanes 9 
and 10). The ras-related band migrating at 55 kd was 
present in variable amounts in both patients with ma- 
lignant tumors and normal subjects. Control experi- 
ments with nonimmune mouse serum or immune sera 
to other peptides did not show localization of bands 
migrating at these molecular weights. From these data 
we conclude that it is possible to detect the ras-encoded 
p21 peptide in the sera of patients with malignant gy- 
necologic tumors. 


Comment 

The H-ras—encoded peptide p21 and related pro- 
teins and peptide products can be detected in both 
tumor extracts and sera of some patients with gyne- 
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cologic malignancies. When assayed in a semiquanti- 
tative fashion with polyclonal and monoclonal antibod- 
les, sera obtained from these patients showed increased 
levels of p21 and ras-related proteins when compared 
with control samples. It is important that these serum 
samples also contain significant amounts of a 14 kd 
peptide (recognized by the polyclonal antibody), which 
previously has been shown to be a proteolytic product 
of p21 in transformed fibroblasts (Feramisco JR, per- 
sonal communication). In a similar manner, extracts of 
tumor tissues probed with the polyclonal antibody 
clearly contain the p21 peptide and the 14 kd proteo- 
lytic product of p21. In addition, the polyclonal anti- 
body also detected the presence of other ras-related 
proteins in these tumor tissues. With a monoclonal 
antibody” that recognizes a conserved sequence in p21 
encoded by H-ras, K-ras, and N-ras, p21 was found 
both in patients’ sera and in extracted tumor tissue. 
Both the polyclonal antibody and the monoclonal an- 
tibody recognized high-molecular-weight ras-related 
peptides in tumor tissue. A unique 25 kd peptide was 
prominent in Western blots of tumor tissues probed 
with the monoclonal antibody. 

In general, the presence of p21 peptides indicates 
the expression of one or all of the ras oncogenes in 
these tumor tissues. The polyclonal antibody recognizes 
antigenic epitopes toward the amino end of the p21 
molecule and was raised to a mutant form of the 
H-ras p21. On the other hand the monoclonal antibody 


would be expected to recognize the p21 products of 


the N-ras, H-ras, and K-ras genes. Just recently a new 
member of the ras family of proto-oncogenes has been 
added, the so-called R-ras, or related ras, proto- 
oncogene.'* The peptide product of the R-ras gene con- 
tains an added 26 amino acid at the amino end of the 
molecule, resulting in an approximately 24 kd molec- 
ular weight peptide. Two amino acid sequences of the 
synthetic peptide made by Niman et al.” to generate 
the monoclonal antibody used here are conserved in 
the amino acid sequence of the R-ras peptide. There- 
fore it might be expected that the monoclonal antibody 
would recognize peptide products of the R-ras gene. 
The 25 kd band recognized by the monoclonal antibody 
may suggest the expression of this proto-oncogene. 
The presence of ras-encoded and ras-related pep- 
tides in sera of patients with malignancies provides ev- 
idence that the protein products of oncogenes may be 
of value in monitoring therapy in these patients. The 
ras peptides are not known to be secreted peptides but 
rather are membrane-associated and cytoplasmic on- 
cogene products. The appearance of individual ras 
peptides in serum represents turnover of the mem- 
branes in transformed cells and also may reflect the 
expression of multiple ras genes in the transformed 
state. These genes are located on different chromo- 
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somes, and their individual or collective role in malig- 
nancy has not been determined. 

Because individual p21] species may be distinguish- 
able on the basis of their characteristic mRNA and net 
protein charge (and, for R-ras, size of the pepude prod- 
uct), a complete analysis of ras peptide products in 
gynecologic tumors will be undertaken. This approach 
may provide for a rational basis for the following: (1) 
identifying differences in ras expression in tumors of 
differing histologic types or grades, (2) identifying dif- 
ferences between primary and metastatic lesions, and 
(3) monitoring tumor behavior after treatment. Should 
individual p21 peptides be associated with a given prog- 
nosis, a Management program with appropriate assays 
could be developed to address those needs. 


We express our appreciation to James R. Feramisco 
for providing polyclonal ras antibody and for his 
suggestions and contributions in preparing the 
manuscript, 
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Association of human immunodeficiency virus—induced 
immunosuppression with human papillomavirus infection and 


cervical intraepithelial neoplasia 


Michelle J. Henry, BS, Michael W. Stanley, MD,* Stephen Cruikshank, MD,” and 


Linda Carson, MD’ 


Minnea polis, Minnesota 


Human papillomavirus infection plays an important causal role in cervical intraepithelial neoplasia and 
carcinoma. The rate of infection with human papillomavirus as well as the incidence of cervical 
intraepithelial neoplasia and carcinoma are increased in immunosuppressed patients. We report a possible 
association between infection with human immunodeficiency virus and cervical intraepithelial neoplasia 
with human papillomavirus infection. (Am J Osstet GYNECOL 1989;160:352-3.) 


Key words: Human immunodeficiency virus, acquired immunodeficiency syndrome, human 


papillomavirus 


Historical observations have led to the recognition of 
several important epidemiologic factors that appear to 
play a role in the etiology of squamous cell carcinoma 
of the uterine cervix. The pattern of occurrence of 
carcinoma of the cervix is identical to that of a venereal 
disease, and the diagnosis of cervical intraepithelial 
neoplasia is often made based on cervical samples from 
women with a history of multiple sexual partners or 
husbands with penile cancer. Consequently, infectious 
agents, particularly viruses, have been implicated in 
cervical carcinogenesis. 

Cervical condylomas are the direct result of human 
papillomavirus infection, and deoxyribonucleic acid de- 
rived from the human papillomavirus family has been 
detected in human semen samples and biopsies of cer- 
vical intraepithelial neoplasia tissue as well as in samples 
of frankly invasive cervical carcinoma. 

The higher incidence of cervical carcinomas in 
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women with renal allografts or after chemotherapy for 
Hodgkin’s disease, as well as possible oncogenic trans- 
formation of rapidly proliferating (atypical) condylo- 
mata associated with pregnancy or diabetes mellitus, 
indicate that immunosuppressed women are at in- 
creased risk of human papillomavirus infection, cer- 
vical intraepithelial neoplasia, and cervical carcinoma.’ 

We report a possible association of human papillo- 
mavirus (HIV)—induced immunosuppression with cer- 
vical condylomata and cervical intraepithelial neoplasia 
in four patients seen in Hennepin County Medical Cen- 
ter’s Colposcopy Clinic (Table I). 


Material and methods 

The four women comprising this study represent the 
entire adult female population with evidence of HIV 
infection who received their primary health care at 
Hennepin County Medical Center, Minneapolis, Minn. 

An initial Papanicolaou smear followed by colpo- 
scopic biopsy was obtained in the usual fashion. Anti- 
bodies to HIV were demonstrated by enzyme-linked 
immunosorbent assay and confirmed by Western blot 
analysis. 


Results and comment 


As of Dec. 31, 1987 there were 670 HIV-positive 
patients (40 women) and 302 patients with acquired 
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Table I. HIV infected patients with cervical condyloma and intraepithelial neoplasia: Patient 
demographics and pathologic findings 


Age Reproductive HIV Coexisting 
(yr) history status AIDS infection(s) 


Cytopathologic 
diagnosis 





l Go, Poo: Trichuris trichuria; Condyloma with Mild dysplasia with 
herpes zoster; moderate dysplasia atypical condyloma 
gardnerella vagi- 
nalis; candida 
albicans 

2 18 Go, Prov + - Chlamydia, TB Condyloma with Mild to moderate dys- 
exposure (+ dysplasia plasia with atypical 
Mantoux test) condyloma 

3 35 Go Po + + Pneumocystis Condyloma with Condyloma with mod- 
pneumonia moderate dysplasia erate dysplasia 
(11/85) 

4 31 Go, Po + -= Chlamydia tricho- Severe dysplasia Moderate dysplasia 


monas vaginalis, 
TB exposure (+ 
Mantoux test) 


with condyloma 





TB, Tuberculosis. 


immunodeficiency syndrome (AIDS) (10 women) re- 
ported to the Minnesota Department of Health. Two 
cases of AIDS occurred in female intravenous drug 
abusers, six were heterosexually transmitted, one oc- 
curred in a woman with hemophilia, and no risk factor 
has been identified for one case.’ 

It is known that 12% to 15% of the population will 
test positive for human papillomavirus, but the prev- 
alence of human papillomavirus in HIV-positive indi- 
viduals has not been determined. Although we have 
examined only 10% of the HIV-positive women in Min- 
nesota, all were also positive for human papillomavirus. 

Based on our review of cervical cytologic and histo- 
logic findings in four HIV-positive women (one with 
AIDS) in Minnesota, we make the preliminary sugges- 
tion that this group may be at increased risk of human 
papillomavirus infection and cervical intraepithelial 
neoplasia. The degree to which this risk may be in- 
creased over that of HIV-negative, sexually active 
women in the same population is not clear and is cur- 


rently under investigation in our laboratory. This in- 
vestigation will entail review of available cytologic, his- 
tologic, colposcopic, clinical, and historical findings in 
a larger group of these patients. Such data will then be 
compared with those obtained by review of our HIV- 
negative clinic patients with similar socioeconomic and 
sexual histories. More data are needed on an epide- 
miologic basis to conclude that there is an association 
between HIV and cervical intraepithelial neoplasia. 

We suggest that all HIV-positive female patients re- 
ceive frequent careful evaluation for possible human 
papillomavirus infection and cervical intraepithelial 
neoplasia. 
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CA 125 levels in patients with ovarian carcinoma undergoing 
autologous bone marrow transplantation 


Niculae Ciobanu, MD, Carolyn D. Runowicz, MD," Peter H. Wiernik, MD," 
Timothy Strauman, PhD," Carol Sheridan, RN,* and Robert C. Bast, Jr., MD‘ 


Bronx, New York, and Durham, North Carolina 


Levels of CA 125, determined in three patients with ovarian carcinoma undergoing autologous bone 
marrow transplantation, dropped significantly in the month after bone marrow transplantation. This 
decrease was linear by multiple regression analysis. The CA 125 decrease after bone marrow 
transplantation in patients with nonevaluable or stable disease may represent biologic response to 


high-dose therapy. (Am J OssteT GYNECOL 1989;160:354-5.) 


Key words: CA 125, bone marrow transplantation, ovarian carcinoma 


CA 125 is an antigenic determinant expressed by 
many epithelial ovarian cancers, and its level has been 
documented to correlate with disease progression or 
regression in about 80% of patients tested.’ It is mea- 
sured in sera of patients by radioimmunoassay with a 
murine monoclonal antibody, OC 125. 

We have measured daily CA 125 levels in three pa- 
tients with recurrent ovarian carcinoma treated with 
high-dose, single-agent, oral busulfan at a dosage of 1 
mg/kg for 16 doses over 4 days, ending 2 days before 
reinfusion of autologous bone marrow. All patients had 
failure of at least two combination chemotherapy reg- 
imens and were found to have progressive disease at 
the time of treatment. The 16 mg/kg total dose of 
busulfan chosen for this study represents the maximum 
tolerated single-agent dose in a previously reported 
trial.” 

The clinical data pertaining to bone marrow trans- 
plantation results are detailed in Table I. As can be 
seen, engraftment occurred in all patients at expected 
times, although two received bone marrow transplan- 
tation with cell doses <1 x 10°/kg. Patient No. 1 had 
a rapid partial response that lasted 2 months, as doc- 
umented by neck and chest computed tomographic 
scan. Patient No. 2 had stable disease for 2 months, 
and Patient No. 3, who was initially nonevaluable, 
showed progression of disease 3 months later at a third 
laparotomy. 
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Table I. Clinical data related to bone 
marrow transplantation 




















Time to 
Patient Cell dose of | engraftment* 
marrow infused (days) Results 





Partial re- 
sponse for 
3 mo 

Stable disease 
for 2 mo 

Nonevalua- 
ble; pro- 
gressive 
disease at 
3 mo 


1.23 x 10°/kg 29 


1 43 0.15 x 10*/kg 18 


3 59 0.55 x 10*/kg 35 


*Leukocyte count > 10°/L and granulocyte count > 5 X 
10°/L. 


To monitor tumor response, CA 125 blood levels 
were measured daily from 7 days before through 40 
days after bone marrow transplantation. All serum as- 
says were performed in duplicate with assay kits man- 
ufactured and provided by Centocor, Inc., Malvern, 
Penn. The data collected were analyzed with multiple 
regression analysis. Fig. 1 shows the scatter plots of CA 
125 values. Both p values and percent of variance were 
determined. The p values address the question: Can 
we be reasonably sure there is a correlation? However, 
the percentage of variance data answer the question: 
How strong is the correlation? (How well does the equa- 
tion predict CA 125 elevation or decrease?) 

All patients seemed to have an initial increase in CA 
125 levels, coincident with the administration of high- 
dose chemotherapy. Start-up/ peak values (expressed in 
units per milliliter) were: 1370/1839, 1078/1238, and 
417/812 for Patients Nos. 1, 2, and 3, respectively, for 
the interval 6 days before through 2 days before bone 
marrow transplantation (cutoff for normal CA 125 val- 


Volume 160 
Number 2 


Table II. Statistical trends in rise to peak 
values (2 to 8 days before bone 
marrow transplantation) 





Estimated increase 
per day 
(U/ml) (mean + SE) 















Patient 





% of Variance | p Value 


l 8 0.54 25.9 + 40 
2 68 0.08 44.9 + 17.7 
3 75 0.06 41.7 + 13.9 





Table II. Statistical trends in decrease from 
peak values (1 day before to 30 days after 
bone marrow transplantation) 





Estimated increase 
per day 
(Ul ml) (mean + SE) 









Patient 
no. 







% of Variance 






l 80 <0.0001 34.8 + 3.25 
2 62 <0.0001 20.0 + 2.88 
3 77 <0.0001 10.5 + 2.00 





ues, 35 U/ml). However, this increase in CA 125 levels 
did not reach statistical significance (Table I). 

All three patients had steady drops in CA 125 levels 
in the interval 1 day before to 30 days after bone mar- 
row transplantation, reaching nadirs of 46, 36, and 240 
U/ml, respectively. This decrease from peak values was 
highly significant (p < 0.0001) (Table III). The strong 
linear relationship between day of sampling and CA 
125 values appeared clearly for all three patients, with 
a mean slope of —25.12 and a y-axis intercept of 
914.11. CA 125 levels dropped to levels around the 
upper level of normal, both in the patient with docu- 
mented partial response by computed tomographic 
scan and in patient No, 2 with clinically stable disease. 
At ume of progression, both patients again had high 
CA 125 values (data not shown), In patient No. 3, who 
was not evaluable clinically for 3 months, CA 125 values 
dropped significantly but always remained quite ele- 
vated, during the daily study period and thereafter, 
with confirmation of progressive disease at a third 
laparotomy. 


Comment 


The primary value of the CA 125 assay in general is 
to confirm the presence of disease in those patients with 
elevated antigen levels (>35 U/ml). In our study CA 
125 levels were used to assess tumor response after 
high-dose chemotherapy. Our analysis suggests that, at 
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Fig. 1. Scatter plots of CA 125 levels measured between 6 days 
before and 30 days after bone marrow transplantation. Linear 
decrease in CA 125 values was determined by multiple regres- 
sion analysis. 0 on the abscissa represents the day of bone 
marrow infusion. 


least in some cases, chemotherapy-induced tumor lysis 
may generate a transient elevation of CA 125 levels, 
which should not be interpreted as lack of tumor 
response. 

Because of the uniform drop in antigen levels seen 
in all three patients, CA 125 values may be useful in 
monitoring the response to high-dose chemotherapy, 
especially in otherwise clinically nonevaluable patients, 
and may indicate a biologic response to treatment even 
in those patients with radiographic evidence of stable 
disease. 
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Change of immunoglobulin G antibody levels to Toxoplasma 
gondii during pregnancy in an obstetric population 


Eiji Konishi, PhD 
Kobe, Japan 


Paired sera obtained from 393 pregnant women during the first trimester and from their umbilical cords at 
birth were examined for immunoglobulin G antibodies to Toxoplasma gondii by enzyme-linked 
immunosorbent assay. The course of antibody levels in asymptomatic populations is discussed with regard 
to possible feta! infection during the gestational period. (Am J Osstet Gynecol 1989;160:356-7.) 


Key words: Toxoplasma gondii, infection, pregnancy, antibody 


Humoral immune responses to an acquired infection 
with Toxoplasma gondii, although studied extensively in 
known patients, are unknown in symptom-free cases, 
which are common in naturally infected human pop- 
ulations. The course of antibody levels in pregnant 
women is closely related to the significance of immu- 
nodiagnosis of maternal and subsequent fetal infections 
with this teratogenic parasite. Immunodiagnosis is rou- 
tinely performed at maternity hospitals. I report the 
changes in immunoglobulin G (IgG) antibody levels in 
response to Toxoplasma during the gestational period 
in relation to IgM antibodies in umbilical cord sera. 


Material and methods 


Serum samples obtained from 600 pregnant women 
during the first trimester and from 1200 umbilical 
cords of newborns, including 393 paired sera, were 
provided by Dr. R. Miyake and Ms. M. Shibata, both of 
the Department of Obstetrics and Gynecology, Palmore 
Hospital, Kobe, Japan. The background epidemiologic 
information about this population was previously de- 
scribed.' These sera were examined for IgG and IgM 
antibody levels to Toxoplasma by enzyme-linked im- 
munosorbent assay. In this system, the solid phase was 
sensitized in 24 pg of the soluble antigen prepared from 
tachyzoites of the Rh blood strain, and the alkaline 
phosphatase-conjugated antihuman IgG or IgM (y- or 
p-chain specific, Tago, Inc., Burlingame, Calif.) was 
used as the second antibody. Paired sera tests were run 


parallel. 


Results 


A scattergraph representing the change of IgG an- 
tibody levels (Fig. 1) indicated an increase of +0.1 in 
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Fig. 1. Change of IgG antibody levels to Toxoplasma in 393 
paired sera specimens obtained from pregnant women during 
first trimester and from umbilical cords at birth. 


11 pairs (2.8%), a decrease of 20.1 in 6 pairs (1.5%), 
and no significant change in 376 pairs (95.7%). Increase _ 
was observed in samples with relatively low inital levels 
and vice versa. Three pairs increased from <0.1 to 
=0.1, which suggests newly acquired infection during 
pregnancy, but their increasing levels were <0.3. None 
of the 1200 umbilical cord sera showed IgM antibody 
levels 20.04. In 11 pairs that showed an increase in 
IgG antibody levels, the total amount of IgM in cord 
sera did not exceed 20 mg/dl. the diagnostic criterion 
for intrauterine infection. All infants were normal with- 
out any clinical sign suggestive of congenital toxoplas- 
mosis. 


Comment 


Cord sera contained transplacentally passed IgG an- 
tibodies equivalent to maternal antibody levels. The 
tendency of pattern changes obtained in this study is 
consistent with that of another human, population (un- 
published data). Effect of pregnancy on humoral im- 
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munity was negligible under the present conditions, 
despite the concept of a depression in the immune re- 
sponses during pregnancy. In Toxoplasma infection in 
human beings, after the parasite has invaded it is dif- 
ficult to eliminate and persists in the host, who contin- 
ues to have antibodies throughout his or her life. The 
change of IgG antibody levels in persons with chronic 
infections (Fig. 1) seems to be attributable to an equi- 
librium between host immunity and parasite activity. 
From the age-prevalence curve,' the incidence rate 
of newly acquired infection in pregnant women during 
a 9-month gestational period is calculated to be 0.426%. 
Although this incidence rate would indicate an esti- 
mated five infected newborns, IgM antibodies were not 
detected in 1200 umbilical cords. No fetal infection is 


Change of anti—T. gondii level during pregnancy 


supported by a survey report from the Ministry of 
Health, Japan, where only one hydrocephalus case oc- 
curred in 330,000 births.* This fact may be related to 
the small increase of IgG antibody levels observed in 
three women, which suggests newly acquired infection 
(Fig. 1). This is much different from the general course 
of antibody levels in patients with acute infections. 
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A novel approach for monitoring the endometrial cycle and 


detecting ovulation 


Mourad W. Seif, MD, John D. Aplin, PhD, Lynn J. Foden, MSc, and 


V. R. Tindall, MD, MSc 
Manchester, England 


We report the presence of a cycle-dependent sialoglycoprotein in the endometrium. A monoclonal antibody 
(D9B1) to this glycoprotein has been derived and used to study tissue from 24 women with normal 
menstrual cycles. Results obtained with peroxidase immunohistochemistry suggest a highly significant 
variation in concentration of the glycoprotein, which is absent in the proliferative phase and present at 
maximal levels in the early secretory phase. The amount of antigen then diminishes slowly through the 
latter part of the secretory phase. The glycoprotein is produced in epithelial cells of glands and uterine 
lumen before being secreted across the apical cell surface. The secretory response is uniform in different 
areas of the tissue and within individual glands. However, considerable differences in secretory activity can 
be observed between adjacent glands in any part of the endometrium. Binding of the antibody is shown to 
be a new and novel parameter in characterization and standardization of the normal function of 
endometrium in response to ovarian hormones. (Am J Osstet GYNECOL 1989;160:357-62.) 


Key words: Monoclonal antibody, endometrium, secretory glycoprotein, glycoprotein, 


epithelium, menstrual cycle 


Structural and functional alterations in the endo- 
metrium in response to ovarian hormones’ are effected 
by changes in the occurrence or concentrations of cel- 
lular and secretory elements of the tissue.” Very limited 
biochemical information, however, is currently avail- 
able about these changing constituents.*'’ We decided 
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to approach this problem by producing monoclonal 
antibodies to components of endometrial epithelial cell 
surfaces'’ '' as well as secretory products, the concen- 
trations of which are altered at ovulation. The anti- 
bodies were isolated after immunization with endo- 
metrial epithelial cell preparations made from secretory 
tissue and then screened for differential expression in 
proliferative and secretory phases of the endometrial 
cycle. One of these antibodies, D9B1, recognizes an 
epitope present in a secretory sialoglycoprotein of high 
molecular weight that is produced in much larger 
amounts in the postovulatory phase. In the present 
study we have undertaken to characterize in detail the 
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Fig. 1. Full-thickness section of late secretory phase endo- 
metrium stained with the double immunoperoxidase tech- 
nique with monoclonal antibody D9B1 and counterstained 
with hematoxylin. Peroxidase product (black) is abundant in 
many glands and also can be seen at luminal epithelium. 


expression of this component during the normal men- 
strual cycle using a semiquantitative immunohisto- 
chemical approach. The results support our hypothesis 
that the monoclonal antibody may be a useful diag- 
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nostic reagent both for monitoring ovulation and for 
subsequently evaluating endometrial response during 
the luteal phase. 


Methods 


Monoclonal antibody D9B 1 was isolated as previously 
described" after spleen cells from an immunized mouse 
were fused with NS-1 myeloma cells. The antibody was 
shown by enzyme-linked immunosorbent assay to be 
immunoglobulin M. The hybridoma cells were cultured 
in Dulbecco’s modified Eagle’s medium containing 20% 
fetal calf serum, hypoxanthine, thymidine, and gluta- 
mine. The hybridoma supernatants were collected at 
2- to 3-day intervals, pooled, and frozen in aliquots. 
Twenty-four samples of endometrial curettings or hys- 
terectomy specimens were selected from the tissue bank 
at St. Mary’s Hospital, Department of Pathology. These 
had been fixed in Bouin's solution and embedded in 
paraffin wax. They were all normal on standard his- 
topathologic criteria™ and consistent with the men- 
strual history and date of the last menstrual period. 
Hyperplasia, neoplasia, and inflammation were ex- 
cluded. At the time of assessment. specimens were stud- 
ied without any knowledge of the particular phase of 
the endometrial cycle. In fact, five of the samples were 
in the proliferative phase, three were early secretory, 
six were mid secretory, three were mid to late secretory, 
and seven were late secretory. No other subdivisions of 
the proliferative phase were used. Sections of 5 pm 
were cut from the paraffin blocks and dewaxed by 
standard techniques. They were treated with hydro- 
gen peroxide in methanol (1:100, vol/vol) followed 
by distilled water, 50 mmol/L Tris hydrochloride, 
pH 7.4, containing 0.15 mol/L sodium chloride (Tris- 
buffered saline solution), normal rabbit serum (1:10 
in Tris-buffered saline solution for 30 minutes at 
20° C), and then hybridoma supernatant contain- 
ing D9B1. The slides were incubated in peroxidase- 
conjugated rabbit antimouse immunoglobulin (Dako, 
High Wycombe, U.K.; 1:50 in Tris-buffered saline so- 
lution) and then washed and developed with 3,3'- 
diaminobenzidine (50 mg in 100 ml Tris-buffered 
saline solution and 15 pl hydrogen peroxide, Fluka, 
Glossop, U.K.). 

The results were assessed by a semiquantitative 
method of scoring stained glands, which is explained 
in the Results section. At least 100 glands were exam- 
ined in each tissue sample, and each was placed in one 
of seven categories on the basis of the extent of the 
staining. Each patient thus generated a histogram that 
was normalized into a probability distribution function. 
The probability distribution functions were then loaded 
onto a computer data file, which allowed simple pro- 
cessing to give overall probability distribution functions 
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for defined patient groups and for the whole sample. 
The method was applied by three independent ob- 
servers. After a trial period during which assay criteria 
were examined and selected, interobserver variation 
was found to be not more than one unit on the scoring 
system, and scoring usually was fully consistent. 

The statistical significance of differences of proba- 
bility distribution functions between samples from dif- 
ferent phases of the menstrual cycle was tested by the 
two-sample Kolmogoroff-Smirnov and the x” tests." 


Results 


The immunohistochemistry of mouse monoclonal 
antibody D9B1 (immunoglobulin M) in normal, late 
secretory phase endometrium is illustrated in Fig. 1. 
This shows that the epitope recognized by the antibody 
is located exclusively in glands and at the uterine lu- 
minal epithelium. It is absent from endometrial stromal 
and myometrial locations but is present in most of the 
gland sections shown, although the intensity and extent 
of staining vary. This distribution contrasts strongly 
with Fig. 2, which shows an endometrium in the pro- 
liferative phase after staining with the antibody. No 
peroxidase product is detectable in glandular (or lu- 
minal) epithelial cells or in the stroma. Thus expression 
of the D9B1 antigen is characteristic of endometrium 
in the secretory phase. 


To analyze the menstrual cycle dependency of 


expression of the antigen, a semiquantitative immu- 
nohistochemical method was devised. This involved as- 
sessing individual glands in each stained section for the 
extent of formation of peroxidase product. 
Examination of glands at high magnification ( Fig. 3) 
shows that staining is associated with both the epithelial 
cells and the luminal spaces. The degree of staining in 


individual glands was assessed and placed into one of 


the following seven categories, as shown in Fig. 3: 5+, 
glandular lumen filled with reactive secretions (A); 4+, 
cell-associated or secretory antigen visible around the 
enure gland epithelium (B); 3+, more than three quar- 
ters of the gland cells carrying some associated antigen 
(C); 2+, 25% to 75% of the gland cells stain (D); +, 
5% to 25% of the gland cells stain (E); (+), one or two 
single isolated cells contain antigen (F); 
ing (G). 

In glands with stained secretions, peroxidase product 
may fill the lumen completely (Fig. 3, A) or partially. 
The majority of visible secretions contain the antigen. 
In more weakly stained glands, antigen generally ap- 
pears in, is associated with, or is near the apical cell 
surface, often as a bead of peroxidase product (Fig. 
3, F). Cytoplasmic antigen can be found in both strongly 
and weakly stained glands (Fig. 3, A and C). More than 
100 glands were scored from the material obtained 
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Fig. 2. Transverse section of proliferative phase endometrium 
stained with D9B l-peroxidase and counterstained with he- 
matoxylin. No peroxidase product is visible. 


from each woman. The data collected were normalized 
into probability distribution functions for each of five 
histologically defined stages of the menstrual cycle. 
These data are displayed in Fig. 4 and clearly show 
that, in a normal group, the antigen recognized by 
D9B1 is almost completely absent from glands during 
the proliferative phase (Figs. 2 and 3, G). After ovu- 
lation a rapid shift occurs to high levels of expression 
(most glands 4+). Subsequently, a gradual diminution 
of staining is apparent, with the loss of glands scoring 
4+ and 5+ and increasing populations at intermediate 
levels. Finally, a bimodal distribution appears in the late 
secretory phase, with some glands being negative while 
others retain high levels of expression. 

Each pair of distributions was tested and all the dif- 
ferences were found to be statistically significant. Even 
the two most similar phases, mid secretory and mid to 
late secretory, were significantly different (p < 0.05). 
In all other cases p < 0.01. 

Several interesting observations were made about the 
spaual distribution of antigen. Generally, in normal tis- 
sue, the expression of antigen was found to be uniform 
in different parts of the sample. However, it is evident 
from Fig. 1 that not all glands in either the basalis or 
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Fig. 3. Glands from different endometria, all stained with D9B1 as in Fig. 1, showing examples from 
seven categories of staining intensity as defined in text. 


the functionalis are equally stained. This microheter- 
ogeneity of gland staining in any given microscopic field 
is consistent, with neighboring glands often occurring 
at widely disparate levels of the classificauon defined 
in Fig. 3. Intensely staining glands sometimes occur in 
the basalis (Fig. 1), which thus also experiences some 
secretory transformation. However, weakly staining or 
negative glands are always in a majority in the basalis. 

It was also noted that the anugen often appears first 
in the uterine luminal epithelial cells and only later in 
glands. Staining frequently can be demonstrated in in- 
dividual cells in either location with neighboring cells 
negative. 


Comment 


Monitoring ovulation is an essential requirement in 
the investigation of infertility and menstrual irregular- 
ities. It is also central to procedures involved in artificial 
insemination and in vitro fertilization, Present tech- 
niques rely on the measurement of ovarian hormones 
and the histologic evidence of endometrial biopsy ma- 
terial. Biochemical evaluation of endometrial responses 
offers a completely new approach to clinical diagnosis, 
and the semiquantitative immunohistochemical ap- 
proach described here can be supplemented by quan- 
titative immunoassays, the feasibility of which is under 
investigation, 
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Monoclonal antibody D9B1 recognizes a secretory 
component of endometrium that follows a conventional 
cycle of expression. Thus it is absent in the proliferative 
phase, appears suddenly and in large quantities at ovu- 
lation, and persists in slowly diminishing amounts 
throughout the secretory phase of the cycle. These cy- 
clic changes are apparent in the functionalis and to a 
lesser extent in the basalis. The data indicate that D9B 1 
provides a method for detecting ovulation and serves 
as a new parameter for measuring the endometrial 
functional response to ovarian hormones. Studies are 
in progress to characterize the behavior of the antigen 
in endometrial dysfunction. 

We have characterized partially the high-molecular- 
weight sialoglycoprotein that carries the epitope rec- 
ognized by D9B1 and have shown that the epitope is 
associated with sialic acid." One unexpected finding 
was its expression in decidual cells at a time when en- 
dometrial glands become quiescent.'* Speculation as to 
its function in uterine tissue would be premature, but 
the isolation of a monoclonal antibody and character- 
ization of the epitope to which it binds represent the 
first steps in elucidation of structure and, in turn, 
function. 

The results presented here are consistent with a path- 
way of biosynthesis and secretion that has been de- 
scribed for epithelial cell products in other tissue lo- 
cations and in cultured cells" starting in the rough en- 
doplasmic reticulum and progressing to the Golgi 
apparatus and to the apical cell surface via secretory 
vesicles. It will be interesting to determine the mode of 
hormonal control of biosynthesis with a rapid turn-on 
at ovulation. However, it is apparent that hormone 
levels alone cannot be responsible for regulation of 
expression since neighboring glands seem to show dif- 
ferent kinetics of response. This may be because the 
tissue is required to maintain its overall secretory ac- 
tivity throughout the luteal phase. 

In previous studies we have demonstrated that 
expression of cell surface components of endometrial 
epithelial cells also can change during the menstrual 
cycle, both increasing” and decreasing (Seif MW. Un- 
published data) at ovulation. These markers, whereas 
they are significant in the functional analysis of the 
tissue, are of limited diagnostic value owing to the rel- 
ative inaccessibility of the tissue. The isolation of a 
monoclonal antibody to a secretory component now 
may allow endometrial function to be characterized in 
terms of detectable antigen in cervical mucus. Studies 
in this direction are in progress. 


We thank Dr. C. H. Buckley for help with tissue se- 
lection and access to histologic data, and L. Chawner 
for microtomy. We are also indebted to Dr. W. G. 
Bardsley for assistance and advice on computing and 
statistics, 
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Fig. 4. Semiquantitative assessment of normal menstrual cycle 
as characterized by expression in glands of epitope recognized 
by monoclonal antibody D9B1. pr, Proliferative phase (five 
patients); es, early secretory (three patients); ms, mid secretory 
(six patients); m/, mid-late secretory (three patients); /s, late 
secretory (seven patients). Classes were assigned by reference 
to standard histologic features. At least 100 glands were as- 
sessed in each patient and placed into one of the seven cate- 
gories from — to 5+. Each histogram therefore represents a 
probability distribution that is based on >300 single mea- 


surements, and each point is the probability of a randomly 
selected gland falling in the chosen category. 
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Congenital hereditary fructose intolerance and pregnancy 


Frances Marks, MD, Steven Ordorica, MD, Iffath Hoskins, MD, and Bruce K. Young, MD 


New York, New York 


Congenital hereditary fructose intolerance is associated with the inability to tolerate fructose and 
carbohydrates, which are converted into fructose. We describe management of a pregnancy complicated 
by this disease in the mother and its implications for the neonate. (Am J OssteT GYNECOL 1989;160:362-3.) 


Key words: Congenital hereditary fructose intolerance, fructosemia, fructose 


Congenital hereditary fructose intolerance is associ- 
ated with the inability to tolerate either fructose or car- 
bohydrates such as sucrose or polyol sorbitol, which are 
broken down into fructose. This is the first report to 
describe and discuss the management of a pregnant 
patient with hereditary fructose intolerance. 


Case report 

A 29-year-old woman, gravida 3, para 2, presented 
for obstetric management at 8 weeks’ gestation. She 
gave a history of hereditary fructose intolerance veri- 
fied by biopsy of the liver. Her first child had failure to 
thrive and died at 6 months of age. The autopsy report 
noted cirrhosis, anasarca, jaundice, acute pulmonary 
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edema with hemorrhage, petechiae, and a clinical di- 
agnosis of Escherichia coli sepsis with mixed hepatic fail- 
ure thought to be secondary to fructosemia. Her second 
child had hereditary fructose intolerance and was 5 
years old when it died, during her current pregnancy, 
of acquired immunodeficiency syndrome from a neo- 
natal blood transfusion. The mother followed a strict 
fructose-free diet. Serial sonograms were required to 
rule out intrauterine growth retardation because of size 
less than expected for dates. At 42 weeks she had Pi- 
tocin induction of labor and was delivered of a live male 
infant by low forceps. The infant weighed 3270 gm and 
had Apgar scores of 8 and 9. Post partum she devel- 
oped an infected episiotomy incision, which healed af- 
ter conservative treatment of warm soaks. She was dis- 
charged home on postpartum day 7. Placental patho- 
logic examination showed calcification. The child was 
immediately placed on a fructose-free formula. At 5 
months of age the child had positive test results for 
congenital fructose intolerance but was doing well on 
a fructose-free diet. 
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Comment 


Hereditary fructose intolerance is an autosomal re- 
cessive disorder with an incidence of one per 20,000 in 
a general population. Biochemically one finds deficient 
levels of fructose-1-phosphate aldolase in the kidney 
cortex, liver, and small intestine. After sucrose or fruc- 
tose intake, patients with this disorder develop hypo- 
glycemia and vomiting. This hypoglycemia is a result 
of the inhibition by fructose-1-phosphate of glyco- 
genolysis at the phosphorylase level and of gluconeo- 
genesis at the mutant aldolase level. If continuous fruc- 
tose intake occurs, infants can develop failure to thrive, 
emesis, cirrhosis, liver failure, and hemorrhage from 
abnormal coagulation factors and finally die. Survivors 
of this disorder usually give a history of distaste for 
sweet food. ' 

When the diagnosis of congenital fructose deficiency 
is suspected, the patient must abstain from all fructose- 
containing foods. An intravenous fructose tolerance 
test (200 mg/kg) after several weeks of abstinence from 
fructose results in a fall in serum phosphate and glucose 
levels and a rise in serum urate, magnesium, alanine, 
lactate, glycerol, nonesterified fatty acid, and growth 
hormone levels. Insulin levels either remain constant 
or fall. If there is any doubt, the definitive diagnosis is 
made by finding a low fructoaldolase level at liver or 
small intestinal biopsy.’ 
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During pregnancy, maternal nutritional require- 
ments change. A mother must increase intake by 300 
kcal/day over the nonpregnant state. Pregnant patients 
with congenital fructose intolerance must increase their 
dietary intake with avoidance of fructose-containing 
foods, but glucose is not a problem. This case report 
demonstrates good outcome without fetal distress or 
growth retardation. Glucose tolerance tests can be 
given, despite the patient’s refusal, since Glucola does 
not contain fructose. There is a substantial risk of fail- 
ure to thrive and neonatal or infant death if the child 
inherits the disease and the diagnosis is not made. The 
clinical diagnosis may be obscure unless fructosemia is 
suspected. The diagnosis is made by an intravenous 
fructose tolerance test in the infant or by a liver biopsy 
as described. Breast-feeding is completely safe and 
should be encouraged. Newborns of parents with this 
disorder should be given fructose-free formula or 
breast milk until the child is old enough for testing. 
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Obstetric outcome of patients with more than one previous 


cesarean section 


Jeanne Novas, MD, Stephen A. Myers, DO, and Norbert Gleicher, MD 


Chicago, Illinois 


Records of patients with more than one previous cesarean section were reviewed for a 1-year period. Of 
69 such pregnancies, 36 underwent trial of labor in concurrence with an ongoing departmental cesarean 
section reduction initiative; 80% culminated in vaginal delivery. Twenty of these 69 patients had three or 
more previous cesarean sections; 9 underwent trial of labor, with 8 subsequent vaginal deliveries. The 
vaginal delivery rate after more than one previous cesarean section was no different from that of patients 
with only one previous cesarean section. We conclude that trial of labor in patients with more than one 
previous cesarean section did not result in a deleterious outcome. Our findings suggest that a trial of labor 
after more than one previous cesarean section delivery can safely be allowed. Guidelines can be identical 
to those already established for patients with only one previous cesarean section. (Am J OBSTET GYNECOL 


1989:160:364-7.) 
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The national cesarean section rate has increased dra- 
matically in the United States over the last 15 years. In 
1970, 195,000 cesarean sections were performed, an 
incidence of 5.5%.' By 1984, the national cesarean sec- 
tion rate had quadrupled to 22% of all deliveries.” The 
cesarean section rate in many other developed coun- 
tries has also increased, but at a much slower rate. In 
England and the Netherlands, for example, cesarean 
section rates are less than half the American rate.” 

Patients with previous cesarean sections now repre- 
sent a relatively large proportion of the obstetric pop- 
ulation. In 1983 in the United States, more than 6% of 
all obstetric patients had at least one previous cesarean 
section, and no other single cesarean section indication 
exceeded that of previous cesarean section as an indi- 
cation for a cesarean delivery. This indication for ce- 
sarean section delivery is likely to increase in incidence 
if present cesarean section trends continue.’ Current 
American College of Obstetrics and Gynecology rec- 
ommendations state that carefully selected patients may 
undergo trial of labor after one previous cesarean sec- 
tion.’ Voluminous data support such a recommenda- 
tion. Shiono,’ in a recent study supported by the Amer- 
ican College of Obstetrics and Gynecology, reported 
that at present only 9% of American patients with pre- 
vious cesarean section receive a trial of labor. Approx- 
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imately half deliver vaginally, and of these, approxi- 
mately one third do so only because they deliver too 
rapidly to allow the performance of an otherwise 
planned cesarean section. Current recommendations’ 
state that patients with more than one previous cesar- 
ean section should not be offered a trial of labor. Be- 
cause there is a paucity of published data on patients 
with more than one previous cesarean section, we ex- 
amined the obstetric outcome of patients with more 
than one previous cesarean section who were offered 
a trial of labor. 


Material and methods 


With the use of a personal computer—based perinatal 
data base system (BPM, Inc., Los Angeles, Calif.), the 
obstetric records for a l-year period from April 1, 1986 
to April 1, 1987 at Mount Sinai Hospital Medical Center 
of Chicago were reviewed. During that period there 
were 229 patients with previous cesarean section, of 
which 69 had more than one previous cesarean section. 
These 69 patients represent nearly one third of all pa- 
tients with previous cesarean section and 3.2% of the 
total obstetric population. It is these 69 patients with 
more than one previous cesarean section who are the 
focus of this report (Table I). Information obtained 
from the automated data base included indications for 
delivery as well as several outcome variables (Table II). 

All patients with more than one previous cesarean 
section who were being cared for by full-time faculty 
members of the service were offered trial of labor after 
giving their informed consent. Included were patients 
with low segment vertical uterine scars, those in labor 
who had previous classic cesarean sections, those with 
myomectomies in which the uterine cavity had been 
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Table I. Cesarean section statistics for 2113 obstetric patients 


No. of prior cesarean sections 


Total 
Patients with previous cesarean section 160 49 20 229 10.8 
Elective cesarean section 16 22 1] 49 21.4* 
Trial of labor 144 27 9 180 78.6* 
Vaginal delivery after trial of labor 102 21 8 131 72.74 





*Percent of previous cesarean sections. 
tPercent of trials of labor. 


Table II. Outcome comparison between patients with more than one cesarean section who underwent trial 


of labor or repeat cesarean section without trial of labor 


Without trial 


Trial 
of labor 


Obstetric variables 


More than | previous C/S 36 33 
More than 2 previous C/S 9 (25%) 11 (33%) 
Previous CPD/dystocia 15 (42%) 18 (55%) 
Vaginal delivery 29 (81%) 0 
C/S 7 (19%) 33 (100%) 
Fetal distress 3 -— 
Dystocia 4 — 
Fetal/neonatal outcome 
Median gestational age (wk) 39 39 
Median birth weight (gm) 3150 3140 
Median Apgar score (1 min/5 8/9 8/9 
min) 
Intrauterine growth retardation 2 3 
Hypertension 3 2 
<37 wk gestation 7 5 
Pitocin-induced labor 17 0 
Adverse outcome 
Symptomatic uterine wound dis- l 0) 
ruption 
Perinatal death l 2 
Hysterectomy 0 2 





C/S, Cesarean section; CPD, cephalopelvic disproportion. 


entered, and those with unknown previous uterine in- 
cisions. Patients were usually advised during a coun- 
seling session at their first prenatal visit that a trial of 
labor was anticipated. Labor in patients with a previ- 
ously scarred uterus was managed identically to labor 
in patients with an unscarred uterus. The prospective 
approach adopted was that indications for cesarean de- 
livery should be present regardless of previous history 
or number of previous cesarean sections. Patients un- 
der the care of private physicians were offered this 
option only when they were seen in advanced labor. 
The total departmental experience is presented in this 
study. All patients undergoing trial of labor received 
routine nursing care and continuous fetal monitoring. 
Pitocin induction or augmentation was performed for 
routine obstetric indications with the use of an intra- 
uterine pressure catheter. Use of analgesics and anes- 


thetics, including epidural anesthesia, followed routine 
departmental practice. 


Results 

Of 69 patients with more than one previous cesarean 
section, 36 (52%) underwent trial of labor (Table II). 
Twenty-nine of these patients, or 80%, delivered vag- 
inally. Of 9 patients with three or more previous ce- 
sarean sections, 8 delivered vaginally. Of 33 patients 
with a previous diagnosis of dystocia, 15 underwent 
trial of labor and 14 delivered vaginally. In 12 of these 
14 patients for whom previous birth weights were re- 
corded, 3 delivered larger infants vaginally than with 
their previous cesarean section. Of the 7 patients who 
failed trial of labor (Table II), 3 patients experienced 
fetal distress, whereas in 4 the diagnosis of dystocia was 
made. Overall, the cesarean section rate for those pa- 
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Table III. Indications for repeat cesarean 
section without trial of labor 


| Number 


Patient refusal of trial of labor 

Placenta previa 

Previous myomectomy 

Previous Marshall-Marchetti-Krantz pro- 
cedure 

Breech presentation 5 

Elective repeat cesarean section 16 


TOTAL 33 


tients allowed a trial of labor was 20%. Thirty-three 
patients did not receive a trial of labor (Table III). In 
16 of these patients, the only indication for surgery was 
a history of previous cesarean section. This finding re- 
flects the voluntary nature of our cesarean section re- 
duction initiative program, in which both full-time and 
voluntary staff participate. 

Obstetric outcomes for both groups are summarized 
in Table II. No significant differences were observed 
between the two groups in gestational age, Apgar score, 
birth weight, and the high-risk categories of pregnancy- 
induced hypertension and intrauterine growth retar- 
dation. The outcome in both groups is also similar to 
that of the hospital’s general obstetric population. 

One symptomatic uterine wound disruption oc- 
curred in a patient with two previous classic cesarean 
section scars. Pitocin augmentation was administered 
during the latent phase of labor. After 1 hour the pa- 
tient complained of sudden abdominal pain, which was 
associated with signs of fetal distress on the fetal heart 
rate monitor. An emergency cesarean section was 
performed and a term infant with Apgar scores of 9 
and 9 after | and 5 minutes was delivered. A complete- 
ly separated longitudinal uterine scar was repaired. 
Mother and infant had no further complications and 
were discharged on the fifth postoperative day. No 
blood transfusions were required. The history of two 
previous classic cesarean sections in this patient was 
obtained only after the event. One perinatal death oc- 
curred in the trial of labor group. This patient, who 
had two previous cesarean sections, had a vaginal as- 
sisted breech delivery of a 3600 gm infant in apparent 
fetal distress. During neonatal resuscitation, laceration 
of both umbilical vessels occurred, resulting in a very 
large intraabdominal hematoma. This complication was 
judged at autopsy to have been the primary cause of 
death of this infant. Two perinatal deaths occurred in 
the repeat cesarean section group. A patient with an 
intrauterine death of a twin was delivered by repeat 
cesarean section. This patient had twins of discordant 
growth and five previous cesarean sections. The death 
was discovered during antepartum surveillance. The 
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other infant, born after a cesarean hysterectomy for 
placenta accreta at a gestational age of 31 weeks, died 
of necrotizing enterocolitis after laparotomy in the first 
week of life. A total of two cesarean hysterectomies was 
performed in this group because of placenta previa 
associated with placenta accreta. 


Comment 


Our experience with patients with more than one 
previous cesarean section suggests that a trial of labor 
in such patients appears justified. Only one adverse 
outcome was related to the trial of labor. Although 
uterine wound disruption occurred, it did not result in 
either maternal or fetal morbidity. Furthermore, prior 
knowledge of the patient’s two previous classic scars 
may have changed the management of this case. 

Our experience is similar to that reported in patients 
with only one previous cesarean section.” The vaginal 
delivery rate of 80% appears no different in patients 
with two previous cesarean sections than in patients 
with only one previous cesarean section.” ’ Of note is 
the fact that, during the same time period, 64% of 
patients with only one previous cesarean section deliv- 
ered vaginally at our institution, Cephalopelvic dispro- 
portion as an indication for a previous cesarean section 
did not reduce the subsequent vaginal delivery rate. 
Three patients delivered larger infants vaginally than 
at previous cesarean section delivery. Both findings 
confirm the report of Seitchik et al.” on patients with 
one previous cesarean section. 

Vaginal delivery after more than one cesarean section 
has also been proposed by Phelan et al.” and Farmak- 
ides.'' These investigators reported similar results to 
ours, even though the latter author excluded all pa- 
tients with vertical uterine scars from a trial of labor. 
In his review of vaginal delivery after previous cesarean 
section, Flamm" suggested that, although the data are 
limited, further exclusion of patients with more than 
one previous cesarean section may be arbitrary. 

Data from three separately performed studies thus 
strongly suggest that patients with more than one pre- 
vious cesarean section may undergo a trial of vaginal 
delivery under similar guidelines as proposed by the 
American College of Obstetrics and Gynecology for 
patients with only one previous cesarean section. At our 
institution, one third of patients with a history of pre- 
vious cesarean section have had more than one cesarean 
section. The more widespread use of trial of labor in 
such patients could therefore lead to significant reduc- 
tions in national cesarean section rates. 


REFERENCES 


l. Placek PJ, Taffel SM. The frequency of complications in 
cesarean and non-cesarean delivery, 1970 and 1978. Pub- 
lic Health Rep 1983;98:396-400. 


Volume 160 
Number 2 


2. Notzon FC, Placek PJ, Taffel SM. Comparison of national 
cesarean section rates. N Engl | Med 1987;316:386-9. 

3. National Institutes of Health Consensus Development 
Task Force. Statement on cesarean childbirth. AM ] OB- 
STET GYNECOL 1981;139:902-9. 

4. Shiono PH. Reasons for the rising cesarean delivery rates, 
1978-1984. Obstet Gynecol 1987;69:696-700. 

5. Gibbs CE. Planned vaginal delivery following cesarean 
section. Clin Obstet Gynecol 1980;23:507-15. 

6. Paul RH. TOL in the patient with a prior cesarean section. 
AM J OBSTET GYNECOL 1985;151:297-304. 

7. Meier PR, Porreco RP. TOL following cesarean section: 
a two-year experience. AM J] OBSTET GYNECOL 1982; 
144:671-8. 

8. Jarrell MA, Ashmead GG, Mann LI. Vaginal delivery after 


—————————_—_—_—_—_——————_ 


More than one previous cesarean section 


cesarean section: a five-year study. Obstet Gynecol 1985; 
65:628-32. 

9. Phelan JP, Diaz F, Paul RH. Previous cesarean birth—the 
trial of labor experience 1982-1986 [abst]. Presented at 
the seventh annual meeting of the Society of Perinatal 
Obstetricians, Lake Buena Vista, Fla., Feb 5-7, 1987. 

10. Seitchek J, Ramakrishna VR. Cesarean delivery in nulli- 
parous women for failed oxytocin augmented labor: route 
of delivery in subsequent pregnancy. AM | OBSTET Gy- 
NECOL 1982;143:393-7, 

11. Farmakides G. Vaginal birth after 2 or more previous 
cesarean sections. AM | OBSTET GYNECOL 1987;156: 
565-6. 

12. Flamm BL. Vaginal birth after cesarean section: contro- 
versies old and new. Clin Obstet Gynecol 1985;28:735-45. 


Successful pregnancy after cardiac transplantation 


Thomas C. Key, MD, Robert Resnik, MD," Howard C. Dittrich, MD,” and 


Laurence S. Reisner, MD“ 
San Diego, California 


A case report of a successful pregnancy after cardiac allotransplantation is presented. The patient 
underwent transplantation for an inoperable cardiac tumor 5 years before conception. Cardiac function 
before and during all stages of pregnancy was normal. Maintenance immunosuppressive therapy 
consisting of prednisone and azathioprine was continued through gestation. The pregnancy was 
complicated by a primary herpes virus infection requiring parenteral acyclovir treatment and a single 
episode of preterm labor that was successfully treated. The infant was born at term, weighed 3278 gm, 
and has developed normally during the first 3 years of life. The patient died 5 months after delivery as a 
result of an acute immunologic rejection 5 months post partum caused by self-initiated discontinuation of 
immunosuppressive therapy. Preconceptional counseling and pregnancy care guidelines are discussed. 


(Am J Osstet GYNECOL 1989;160:367-71.) 


Key words: Cardiac transplantation, pregnancy, cardiac monitoring 


During the past 20 years, cardiac allotransplantation 
has progressed from an experimental procedure to ac- 
ceptable therapy for managing patients with end-stage 
cardiac disease. Recently reported survival rates at 1, 
2, and 5 years are 85%, 80%, and 65%, respectively." 
The annual attrition rate per year is approximately 
5%.° Cardiac transplantation, which was once restricted 
to patients with ischemic heart disease or cardiomy- 
opathies, is being performed on increasing numbers of 
younger patients with heart disease for which there is 
no alternative therapy. In addition, there is growing 
enthusiasm for heart-lung transplantation for primary 
and secondary pulmonary hypertension and congenital 
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heart diseases. With markedly improved survival and 
a functionally normal life-style, the question of preg- 
nancy and its influence on the patient after cardiac 
allotransplantation, as well as the influence of the pa- 
tient’s heart transplantation on pregnancy, will be asked 
with increasing frequency. We present a single case of 
a successful pregnancy in a patient who subsequently 
died 5 months after delivery of acute myocardial re- 


jection unrelated to the pregnancy. 


Case report 

B. S. (0895215), a 23-year-old white primigravida, 
was initially seen at 14 weeks’ gestation at the University 
of California, San Diego. Six years before pregnancy, 
the patient was found to have an abnormal cardiac 
silhouette on routine chest roentgenogram performed 
before jaw surgery. An extensive evaluation failed to 
provide a specific diagnosis but suggested a left ven- 
tricular mass. An elective exploratory thoracotomy was 
performed 8 months later, Four large, unresectable, 
confluent fibromas replaced 60% of the left ventricular 
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Table I. Echocardiographic changes through pregnancy and the puerperium in a patient with 


cardiac allotransplant 





LVEDD LVESD 
58 41 





May 3, 1984 20 130 1] 9 34 42 
June 19, 1984 27 58 41 126 10 11 32 42 
July 17, 1984 32 58 4] 130 10 1] 34 42 
August 6, 1984 35 53 40 110 10 1] 33 44 
September 29, 1984 PP 53 4] 100 10 10 32 42 





GA, Gestational age (wk); LVEDD, left ventricular end-diastolic diameter (mm); LVESD. left ventricular end-systolic diameter 
(mm); SV, stroke volume (ml/contraction); PWT, posterior wall thickness (mm); ST, septal thickness (mm); AorRT, aortic root 


diameter (mm); LA, left atrial diameter (mm). 


wall. In the ensuing months, the patient became symp- 
tomatic and experienced several presyncopal episodes 
related to persistent arrhythmias. She was referred to 
Stanford University Hospital where she underwent a 
successful cardiac transplantation (February 1980). 
The donor heart was recovered from a 23-year-old 
male trauma victim. The final pathologic diagnosis was 
a fibrous histiocytoma arising from the free wall of the 
left ventricle. The postoperative course was uncompli- 


cated; she was discharged on the thirty-second day of 


hospitalization. She was the first reported patient to 
have received a cardiac allotransplantation for an in- 
operable cardiac tumor.” 

After the transplantation, she continued to be fol- 
lowed at Stanford University. Normal hemodynamics 
were noted on annual cardiac catheterizations; myo- 
cardial biopsy studies failed to show evidence of rejec- 
tion. She remained asymptomatic after surgery, was 
able to engage in physical activities without limitations, 
and was gainfully employed. Her medications imme- 
diately before conception included prednisone, 1l 
mg/day, azathioprine, 150 mg/day, dipyridamole, 100 
mg/day, trimethoprim, 320 mg/day, and sulfamethox- 
azole, 1.6 gm/day. 

She came for prenatal care to the University of Cal- 
ifornia, San Diego at 14 weeks’ gestation. She reported 
normal exercise tolerance and an occasional irregular- 
ity of heart rhythm. She described a chronic pain in 
the lateral aspect of the right femur, which was attrib- 
uted to chronic avascular necrosis of the lateral condyle 
of the femur. Review of symptoms was otherwise un- 
remarkable and past medical history was significant in 
that multiple odontogenic keratocysts had been re- 
moved from the maxilla when she was 17 years old. 

Examination revealed a tall woman (183 cm) with 
“marfanoid” features. Her weight was 71 kg, blood 
pressure was 100/60 mm Hg, and pulse was 90 
beats/min and regular. She had frontal bossing, ocular 
hypertelorism, and an enlarged, prominent jaw. Mul- 
tiple nevi were present over her back. Her hands ap- 
peared large. The lungs were clear to auscultation, the 
precordial examination revealed a regular rhythm and 
a soft holosystolic murmur (I/ V1), normal S,, and phys- 
iologically split S,. The jugular venous pressure was 
estimated at 6 cm of water. The uterus was appropri- 
ately enlarged, consistent with 14 weeks’ gestation. A 


roentgenogram of the chest revealed normal lung fields 
and al mildly enlarged cardiac silhouette. An electro- 
cardiogram revealed a normal sinus rhythm and fre- 
quent premature atrial contractions with aberrant in- 
traventricular conduction. Findings from serial echo- 
cardiographic examinations are detailed in Table I. 
Results of a complete blood count, urinalysis, urine 
culture, and blood chemistry profile detailing hepatic 
and renal function were normal. 

She was maintained on prednisone, azathioprine, di- 
pyridamole, trimethoprim, and sulfamethoxazole. The 
pregnancy was uncomplicated until she was admitted 
at 34 weeks’ gestation with a primary genital herpes 
virus infection. Because of the persistence and severity 
of the infection in an immunosuppressed patient, she 
was treated with a 5-day course of parenteral acyclovir, 
15 mg/kg/day, in divided doses. She was readmitted 
at 36 weeks’ gestation with an episode of preterm labor 
and a recurrence of genital herpes. Labor was success- 
fully treated with parenteral magnesium sulfate; the 
herpes virus was treated with acyclovir. 

At 39 weeks’ gestation, she had premature rupture 
of membranes and a breech presentation. A thermal 
dilution pulmonary artery catheter was placed by 
means of the Seldinger technique. Perioperative car- 
diovascular measurements are displayed in Table II. 
The intravascular volume was expanded with 1400 ml 
of Ringer's lactated solution. An epidural catheter was 
placed in the L2-3 interspace, and T2 sensory anes- 
thesia was achieved with segmental administration of 
0.5% bupivacaine and 2% lidocaine. A low transverse 
cesarean section was performed without difficulty. A 
3278 gm female infant with Apgar scores of 9 and 9 
at l and 5 minutes, respectively, was delivered. The 
estimated blood loss was 800 ml. The pulmonary artery 
catheter was removed 2 hours after surgery after it was 
noted that the cardiovascular parameters had remained 
stable. After surgery the patient received prophylactic 
broad-spectrum antibiotics (cefoxitin) and a continuous 
fentanyl epidural infusion for analgesia. She was dis- 
charged home on postoperative day 6. She was main- 
tained on the immunosuppressive regimen throughout 
the hospitalization and after discharge. 

She was seen after surgery for a gynecologic exam- 
ination and continuing cardiologic care. A repeat echo- 
cardiogram, electrocardiogram, and chest roentgeno- 
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l 5 17/10 
2 94 7 7 30/17 
3 96 6 16 20/13 
4 100 6 18 27/15 
5 95 5 16 26/15 
6 97 8 14 27/16 
7 97 7 15 28/16 


90) 1030 3.6 82 
92 i 761 4. 7 106 
88 9.9 665 5.0 119 
93 10.3 790 5.0 110 
84 9.0 796 4.0 84 
84 9.0 775 4.4 104 
78 9.0 750 4.6 123 





1, Initial baseline parameters (preanesthetic and prefluid loading): 2, postfluid loading; 3, postanesthetic induction; 4, imme- 


diately after delivery, uterus contracted; 5, abdominal wall closure; 6, | hour postpartum; 


7, 2 hour postpartum; MAP, mean 


arterial pressure (mm Hg); CVP, central venous pressure (mm Hg); PAW, pulmonary artery wedge pressure (mm Hg); PA, 
pulmonary artery pressure (mm Hg); HR, heart rate (beats/min); CO, cardiac output (L/min); SVR, systemic vascular resistance 
(dyne/sec/cm); CI, cardiac index (L/min/m*); SV, stroke volume (ml/stroke). 


gram performed 6 weeks post partum showed no 
changes. She reported no symptoms and had no phys- 
ical limitations. 

Approximately 3 months post partum, the patient 
became depressed and over a 3-week period became 
increasingly despondent. Despite repeated warnings 
by the cardiologist and primary care physician, she 
modified her immunosuppressive drug regimen and 
later discontinued immunosuppression completely. She 
presented 5 months post partum with a 5-day history 
of nausea, vomiting, cough, dyspnea, myalgias, ar- 
thralgias, fever, and chest pain. Her pulse was 150 
beats/min and weak. Blood pressure was 70/0 mm Hg. 
A portable echocardiogram demonstrated markedly in- 
creased heart size and poor left ventricular function, 
which supported a clinical diagnosis of acute rejection. 
The electrocardiogram demonstrated a supraventric- 
ular tachycardia with a generalized decrease in voltage. 
An arterial blood gas drawn on admission demon- 
strated normoxemia with a mild respiratory alkalosis; 
the hematocrit level was 39%. While in the emergency 
room, the patient developed ventricular fibrillation fol- 
lowed by ventricular tachycardia that failed to respond 
to resuscitative efforts including multiple electrical 
countershocks, bretylium, and lidocaine. 

A postmortem examination revealed moderate-to- 
severe four-chamber cardiac enlargement. The heart 
weighed 575 gm. The myocardium was pale. The valves 
appeared normal. The suture lines from the previous 
transplantation were intact. Histologic examination 
confirmed the clinical impression of acute immunologic 
rejection. Additional postmortem findings included a 
small fibroma of the left ovary and a 5 cm meningioma 
of the left temporoparietal cerebral cortex. A post- 
mortem diagnosis of multiple nevoid basal cell carci- 
noma syndrome (Gorlin syndrome) was made. The 
principal features include odontogenic cysts, multiple 
nevoid basal cell carcinomas, and skeletal abnormalities. 
After the patient’s death, family members were ex- 
amined, and three were found to have characteristics 
of the syndrome—the patient’s mother, sister, and 
daughter.’ The infant is currently 3 years old and 
has experienced normal growth and development to 
date. 


Comment 


This pregnancy represents a detailed case report of 
pregnancy ina patient after cardiac allotransplantation. 
The procedure has been generally limited to persons 
with terminal stages of cardiac disease. Indications for 
cardiac transplantation include severe coronary artery 
disease, rare idiopathic cardiomyopathies, or other 
forms of nonischemic cardiac myopathies. These con- 
ditions are not typically seen in young, reproductive- 
age women, although the first report involved an 18 
year-old woman with cardiomyopathy." Thus it is not 
surprising that there is limited information regarding 
the advisability of pregnancy in women after successful 
cardiac transplantation. Our patient was unique in 
that she underwent cardiac transplantation for a rare 
and inoperable tumor. Because of improved surgical 
experiences, improved immunosuppression regimens, 
and favorable 5-year survival data, there has been 
a worldwide resurgence of interest in heart trans- 
plantation. Moreover, cardiopulmonary transplanta- 
tion is a promising procedure for patients with primary 
pulmonary vascular disease or pulmonary hyperten- 
sion caused by congenital or acquired heart disease. 
With increasing indications and clinical experience, 
reproductive-age women will undergo transplantation 
and seek prepregnancy counseling. 

The patient presented underwent a successful preg- 
nancy. She had no difficulties tolerating the physiologic 
demands placed on the cardiovascular system as dem- 
onstrated by the stable clinical and echocardiographic 
data generated across gestation. Her pregnancy was 
complicated by a severe, primary herpes virus infection 
that required parenteral acyclovir treatment and a sin- 
gle episode of preterm labor that was successfully 
treated with magnesium sulfate. A cesarean section was 
performed for obstetric indications, that of a breech 
presentation in a primigravid woman. A regional an- 
esthetic technique was chosen because prior experience 
with patients with cardiac transplants indicates that they 
tolerate properly conducted regional anesthetics well.” 
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Central cardiac and pulmonary artery monitoring was 
useful in preanesthetic fluid loading and the adminis- 
tration of a segmental anesthetic block. Although the 
intraoperative course was carefully monitored, cardiac 
function remained normal throughout the periopera- 
tive period. The course of pregnancy was not influ- 
enced by the cardiac transplantation, and the posttrans- 
plantation condition does not appear to have been in- 
fluenced by the pregnancy. Her death does not appear 
to be related to the pregnancy or the puerperal state. 
The acute immunologic rejection appears to be related 
to her failure to continue immunosuppression. The 
depression that occurred before her death and perhaps 
contributed to the discontinuation of the medications 
was felt to be in response to personal and social stresses 
and not specifically related to the pregnancy or post- 
partum period. However, it should be noted that pa- 
tients receiving long-term corticosteroid treatment are 
predisposed to extreme mood swings. The need for 
careful psychosocial assessment and support in patients 
with previous heart transplantation and corticosteroid 
treatment in the postpartum months is emphasized. 
In counseling women who have successfully under- 
gone successful cardiac allotransplantation, three issues 
of consideration appear to be pertinent. The first is 
that of immunosuppression. Current posttransplant 
regimens vary among institutions but include combi- 
nations of corticosteroids, azathioprine, or cyclospo- 
rine. Large clinical series of patients receiving corti- 
costeroids or azathioprine have been reported. These 
medications have little, if any, long-term effects on the 
fetus or newborn, although altered immunoglobulins 
and lymphocyte survival have been reported transiently 
in the newborn infant. Extensive experience exists with 
the combintion of azathioprine and prednisone in pa- 
tients undergoing renal transplants, with minimal del- 
eterious fetal effects. Cyclosporine is an endocapeptide 
extracted from fungi that has profound effects on T- 
helper lymphocytes. It acts to block the transformation 
of resting T cells by interfering with main stimulators; 
class I and II antigens and interleukin-1. In addition, 
cyclosporine probably interferes with the production 
of interleukin-2 from activated T-helper lymphocytes. 
The drug does not appear to affect nonspecific or bone 
marrow—mediated immune activities. Cyclosporine ad- 
ministration is associated with numerous adverse side 
effects that appear to be dose related, including neph- 
rotoxicity, hypertension, hepatotoxicity, lymphopro- 
liferative diseases, and possible graft atherosclerosis or 
interstitial myocardial fibrosis. The characteristic dose 
necessary to achieve a desired trough cyclosporine level 
of 200 to 400 ng/ml is 10 to 14 mg/kg/day. Limited 
pregnancy experience with cyclosporine exists to date. 
However, successful human pregnancy outcome has 
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been reported." Animal studies demonstrate the po- 
tential for nephrotoxicity, hepatotoxicity, fetal runting, 
and altered immune function in the fetus or neonate 
whose mother received large doses of cyclosporine (25 
mg/kg/day). Cyclosporine levels may be monitored 
with radioimmunoassay, The dose during pregnancy 
should be monitored with radioimmunoassay and the 
daily dose adjusted to maintain optimal levels, thereby 
minimizing the risk of maternal and fetal toxicity. 

The second consideration is that of the physiologic 
changes of pregnancy and the ability of the trans- 
planted heart to respond appropriately. Our patient 
experienced the expected physiologic changes through- 
out pregnancy. She was followed for 5 years after 
transplantation and demonstrated to have (1) normal 
cardiac performance and (2) no evidence of immuno- 
logic rejection. Patients who undergo successful allo- 
transplantation procedures are generally New York 
Heart Association functional classes | (75%) and II 
(25%). They essentially have normal cardiac function 
and exercise reserve.'” The chronically denervated 
and nonrejecting heart has normal systolic function 
and contractile reserve, which suggest that pregnancy 
should be well tolerated." In fact, our patient dem- 
onstrated the expected intrapartum changes in cardiac 
function despite having a chronically denervated heart 
(Table II). Patients considering pregnancy after cardiac 
transplantation should have normal cardiac function as 
determined by cardiac catheterization and echocardio- 
graphic studies and no evidence of rejection. 

Finally, there is a theoretic concern related to the 
suture lines and possible dissection during pregnancy. 
Patients with Marfan syndrome and a dilated aortic root 
are known to be at risk for aortic dissection and rup- 
ture. Generalized softening of collagen and the influ- 
ence of hemodynamic stress applied to an intimal tear 
in the ascending thoracic aorta with extension into the 
intramural plane are generally thought to predispose 
to dissection. Postmortem examination of the suture 
lines failed to disclose any evidence of suture line dis- 
ruption. 

In summary, pregnancy after cardiac allotransplan- 
tation seems to be a realistic possibility. It is important 
that patients considering pregnancy have stable cardiac 
function, normal exercise tolerance, and no evidence 
of rejection on myocardial biopsy examination. Im- 
munosuppression is crucial and must be continued be- 
fore conception, during pregnancy, and after preg- 
nancy. Patients receiving long-term immunosuppres- 
sion are at risk of developing infectious complications 
and must be appropriately managed. In the stable pa- 
tient with a cardiac transplant with no evidence of re- 
jection, pregnancy appears to be well tolerated and can 
be associated with favorable pregnancy outcome. 
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Human fetal ductal flow velocity waveforms relative to 
behavioral states in normal term pregnancy 


Karin van der Mooren, MD, Jim van Eyck, MD, PhD, and Jury W. Wladimiroff, MD, PhD 


Rotterdam, The Netherlands 


In 16 normal pregnancies the relationship between the blood flow velocity waveform and fetal behavioral 
states at 37 to 38 weeks’ gestation was studied. Whereas behavioral state independency was established 
for the acceleration time, peak flow velocity demonstrated a statistically significant reduction during active 
sleep, compared with quiet sleep. These data reflect reduced ductal flow and suggest a redistribution in 
the left-ventricular and right-ventricular output in favor of the left side of the heart during active sleep. Peak 
flow velocities in the fetal ductus arteriosus were independent of fetal heart rate. (Am J OBSTET GYNECOL 


1989;160:371-4.) 


Key words: Blood flow velocity waveform, ductus arteriosus, human fetus, fetal behavioral 


states 


The combined use of real-time and pulsed Doppler 
ultrasonography systems has opened the possibility 
of studying blood flow velocity waveforms in the 
human fetus. Intrinsic factors such as fetal breathing 
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movements and cardiac arrhythmia affect fetal blood 
flow." Recently it was demonstrated that in normal 
pregnancy at 37 to 38 weeks’ gestation, blood flow ve- 
locity waveforms in the fetal descending aorta? and the 
fetal internal carotid artery' are affected by fetal be- 
havioral states. In both vessels a significant reduction 
in the pulsatility index was established during behav- 
ioral state 2F (active sleep), compared with behavioral 
state 1F (quiet sleep), according to the classification by 
Nijhuis et al.’ It was suggested that these changes reflect 
a reduced peripheral vascular resistance with the intent 
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Table I. Mean paired ductal peak flow velocity difference (peak flow velocity + SD) per FHR between 
behavioral states 1F and 2F 
























Number of Mean peak flow velocity 
FHR participants (cm/sec) 
range with paired Mean paired Statistical 
(beats/min) observations difference significance 
121-125 6 122.3 109.9 12.4 6.6 p < 0.01 
126-130 7 122.0 109.0 13.0 5.5 p < 0.001 
131-135 10 125.1 110.8 14.3 8.4 p < 0.001 
136-140 9 128.7 114.9 13.8 8.3 p < 0.002 
141-145 7 126.1 110.1 16.0 8.2 p < 0.01 





to increase perfusion of skeletal musculature and ce- 
rebrum to meet increased energy demands during ac- 
tive sleep. The reduced peripheral vascular resistance 
would subsequently result in a reduced venous return 
to the right side of the heart. Recently a technique for 
recording blood flow velocity waveforms in the fetal 
ductus arteriosus became available.’ The presence of 
behavioral state dependency of fetal ductal flow would 
support the suggestion of behavioral state—dependent 
fluctuations in venous return to the right side of the 
heart. The objective of this study was to investigate the 
relationship between fetal ductal blood flow velocity 
waveforms and behavioral states in the late phase of 
normal pregnancy. 


Material and methods 


A total of 16 women with normal singleton preg- 
nancies at 37 to 38 weeks’ gestation consented to par- 
ticipate in the study. The gestational age was calculated 
from a reliable menstrual history and early ultrasono- 
graphic measurement of fetal crown—rump length or 
biparietal diameter. Fetal birth weight was between the 
tenth and ninetieth percentiles for gestational age, ac- 
cording to Kloosterman’s tables corrected for maternal 
parity and fetal sex.’ All participants were nonsmokers, 
and no medications were prescribed. All studies were 
carried out 2 hours after breakfast or lunch with the 
participants in the semirecumbent position, A two- 
dimensional real-time mechanical sector scanner (Dia- 
sonics CV400, Milpitas, Calif., carrier frequency 3.5 


MHz) was used to obtain a longitudinal cross section of 


the fetal ductus arteriosus on a short axis view of the 
fetal heart according to the method described by Huhta 
et al.” The angle of insonation was always kept <5°. 
The waveforms were obtained in behavioral states 1 F 
and 2F, according to the classification by Nijhuis et al.’ 
These behavioral states are defined as follows: 

State 1F—quiescence, which can be regularly inter- 
rupted by brief gross body movements, which are star- 
tles; eye movements are absent; stable heart-rate pat- 
tern with a small oscillation band width; isolated ac- 
celerations occur but are strictly related to fetal 
movements, 

State 2F— frequent and periodic gross body move- 


ments that are mainly stretches and retroflexions and 
movements of extremities; continuous eye movements; 
heart-rate pattern with a wider oscillation band width 
than in state 1F and frequent accelerations during 
movements. 

To establish these behavioral states, the following pa- 
rameters were simultaneously recorded: (a) fetal heart 
rate (FHR) obtained from a Doppler ultrasonographic 
cardiotocograph (Hewlett Packard 8040A, Boblingen, 
West Germany, carrier frequency 1 MHz); (b) fetal eye 
movements, which were studied from a transverse view 
of the fetal face with a two-dimensional real-time linear 
array scanner (Hitachi EUB-27, Tokyo, carrier fre- 
quency 3.5 MHz); (c) fetal body movements obtained 
from a sagittal view of the fetal trunk with a two- 
dimensional real-time mechanical sector scanner (Dia- 
sonics CV400, carrier frequency 3.5 MHz). 

The three transducers were placed so that there was 
minimal interference among the three ultrasono- 
graphic modes. Flow velocity recordings were per- 
formed only when a clear fetal behavioral state was 
identified and when this state had been present 23 
minutes. All recordings were performed during fetal 
apnea. The maximum amount of time for the comple- 
tion of a flow velocity recording after a state determi- 
nation was 3 minutes. The blood flow velocity wave- 
forms were recorded on videotape over a 15-second 
period that included on average 30 consecutive cardiac 
cycles. At least 20 optimal flow velocity waveforms were 
selected from hard copies of each recording. A micro- 
computer (Olivetti M24, Scaramagno, Italy) was used 
to calculate peak flow velocity (centimeters per second) 
and acceleration time (milliseconds). It has been shown 
that FHR should be considered when pulsatility index 
values are calculated from blood flow velocity wave- 
forms.” * FHR independency was previously demon- 
strated for the acceleration time in flow velocity wave- 
forms that originated from the fetal descending aorta.” 
It was assumed that the same applies for the ductus 
arteriosus. However, no information ts available on the 
relationship between FHR and aortic peak flow velocity. 
It was decided to relate the peak flow velocity in the 
ductus arteriosus to FHR for each fetus and for each 
fetal behavioral state. All data were divided into groups 
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Fig. 1. Peak flow velocities in the fetal ductus arteriosus in normal late pregnancy (38 weeks) during 


fetal behavioral states IF (left) and 2F (right). 


that represented a FHR range of 5 beats/min. Changes 
in peak flow velocity and acceleration time in the ductus 
with respect to behavioral states 1F and 2F were tested 
with the paired Student / test. FHR dependency of peak 


flow velocity in the ductus was assessed by analysis of 


the slopes of the individual regression lines with the 
Student / test. 


Results 

Poor-quality Doppler ultrasonographic signals were 
obtained in four participants because of maternal obe- 
sity or lateral position of the fetal spine, leaving 12 
participants for further analysis. The mean number of 
blood flow velocity waveforms studied in the fetal duc- 
tus for all 12 participants was 54 + 28 (1 SD) in be- 
havioral state 1F and 54 + 25 (1 SD) in behavioral state 
2F. FHR in behavioral state 1F ranged between 106 
and 160 beats/min and in behavioral state 2F between 
106 and 170 beats/min. Paired analysis of the data in 
behavioral states 1F and 2F was performed in the FHR 
range from 121 to 145 beats/min and resulted in five 
groups (i.e., 121 to 125, 126 to 130, 131 to 135, 136 to 
140, and 141 to 145 beats/min) in a total number of 
1095 flow velocity waveforms. No statistical evaluation 
was attempted in groups comprising fewer than six par- 
ticipants with paired observations. A statistically signif- 
icant reduction of peak flow velocity in behavioral state 
2F, as compared with behavioral state IF, was estab- 
lished for all FHR ranges studied (Table 1). A visual 
display of this reduction is presented in Fig. 1. The 
mean paired difference in acceleration ume between 
behavioral states 1F and 2F was —5.17 + 10.84 (1 SD) 
msec, which was not statistically significant. The mean 
slope of the regression lines of peak flow velocity in re- 
lation to FHR was 0.03 + 0.16(1 SD) in behavioral state 
IF and —0.02 + 0.19 (1 SD) in behavioral state 2F. 


Comment 

The success rate in the obtainment of high-quality 
Doppler ultrasonographic signals from the fetal ductus 
was 75%, which confirms the feasibility of recording 


ductal blood flow in the human fetus. Moreover, the 
ability to obtain flow velocity waveforms with an angle 


Q 


of insonation <5° minimizes the errors of angle cor- 
rection in velocity calculations. 

Results of this study show a reduction of ductal peak 
flow velocity in behavioral state 2F, as compared with 
behavioral state 1F, whereas fetal behavioral state de- 
pendency could not be established for the acceleration 
time. Peak flow velocity and acceleration time deter- 
mine the acceleration slope of the blood How velocity 
waveform, which reflects stroke volume" and myocar- 
dial contractility.” The reduction in ductal peak velocity 
in behavioral state 2F, in combination with the behav- 
ioral state independency of acceleration time, reflects 
reduced flow in the fetal ductus arteriosus and suggests 
a redistribution of left and right ventricular output in 
favor of the left side of the heart. This would be in 
agreement with previous studies in which flow velocity 
waveforms in the fetal descending aorta and the fetal 
internal carotid artery pointed to a reduced peripheral 
vascular resistance at fetal trunk and cerebral level dur- 
ing behavioral state 2F.*^* Another possible explanation 
for the reduced ductal peak flow velocity could be an 
increase in ductal diameter in behavioral state 2F. Re- 
cent studies support the presence of vascoactive factors 
that influence ductal diameter. Circulating concentra- 
tions of adenosine may play a role in the maintenance 
of ductus arteriosus patency during fetal life. Al- 
though prostaglandins have no direct effect on the duc- 
tus arteriosus, they are able to reverse the vasoconstric- 
tor action of indomethacin without dilating the ductus 
beyond its resting dimension.” Because dilatation of 
ducts arteriosus beyond its resting dimension has not 
been observed and no agents that are capable of doing 
this have been identified, it seems unlikely that the re- 
duction of ductal peak flow velocity in behavioral state 
2F is caused by an increase in ductal diameter. 

Whereas in studies of fetal bradyarrhythmia and 
tachyarrhythmia an inverse relationship was,demon- 
strated between aortic peak flow velocity and fetal heart 
16. 17 


rate, no data are available with regard to a similar 
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relationship in the normal heart rate range. This study, 
however, has clearly established fetal heart rate inde- 
pendency of peak flow velocities in the fetal ductus 
arteriosus. It can be concluded that the fetal behavioral 
state should be taken into account in further studies 
conducted on peak flow velocities in the fetal ductus 
arteriosus in the late phase of normal pregnancy. 
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A comparative study of fetal umbilical velocimetry with 
continuous- and pulsed-wave Doppler ultrasonography in 
high-risk pregnancies: Relationship to outcome 


Harbinder S. Brar, MD, Arnold L. Medearis, MD, Greggory R. DeVore, MD, and 


Lawrence D. Platt, MD 
Los Angeles, California 


Systolic/diastolic ratios of umbilical velocimetry obtained with either continuous-wave or pulsed-wave 
Doppler ultrasonography have been used to assess downstream placental vascular resistance and fetal 
well-being. The purpose of this study is to compare the efficacy of systolic/diastolic ratios obtained by 
continuous-wave and pulsed-wave Doppler ultrasonography in the prediction of poor pregnancy outcome. 
Continuous-wave and pulsed-wave umbilical velocimetry was performed and systolic/ diastolic ratios were 
measured in 200 high-risk pregnancies in the third trimester by use of Angioscan III and a General Electric 
RT 3600 scanner, respectively. A total of 165 study participants had normal systolic/diastolic ratios and 35 
participants had elevated ratios (>3.0) with both continuous-wave and pulsed-wave Doppler 
ultrasonography. Both methods identified 35 participants with abnormal ratios, and none of the women was 
misclassified by either method. The pulsed-wave and continuous-wave values for 35 participants with 
elevated ratios were 6.35 + 1.52 and 6.23 + 1.58, respectively; values for 165 participants with normal 
ratios were 1.95 + 0.40 and 1.96 + 0.41, respectively (not significantly different). Participants with 
elevated systolic/diastolic ratios within 7 days of delivery had significantly higher incidence of adverse 
pregnancy outcome as judged by small-for-gestational-age fetuses, presence of meconium at delivery, 
fetal distress in labor, cesarean sections and 5-minute Apgar scores <7. Fetuses with elevated ratios were 
delivered at an earlier gestational age (34 + 1.2 weeks), had lower birth weights (1422 + 151 gm), and 
spent more time in the neonatal intensive care unit (17.1 + 5.2 days), compared with fetuses with normal 
ratios (delivered at 38.5 weeks + 0.9 weeks, 3100 + 210 gm birth weights, and 2 + 0.2 days spent in 
neonatal intensive care units, respectively, p < 0.05). We therefore conclude that continuous-wave and 
pulsed-wave Doppler ultrasonography produce similar results with regard to systolic/ diastolic ratios in 
high-risk pregnancies, and either method appears to be a valuable adjunct in the surveillance of high-risk 


pregnancies. (Am J OssteT GYNECOL 1989;160:375-8.) 


Key words: Doppler ultrasonography, umbilical velocimetry, continuous wave, pulsed wave 


During the past decade, the introduction of Doppler 
ultrasonography’ has allowed investigators to nonin- 
vasively assess downstream placental vascular resis- 
tance.” It also is increasingly used in the surveillance 


of high-risk pregnancies and in the assessment of 


fetal well-being. Previous studies have used either 
continuous-wave’ or pulsed-wave’ Doppler ultrasonog- 
raphy to obtain umbilical artery waveforms. To our 
knowledge there is no comparative study wherein both 
methods have been used in the same patient population 
to compare the efficacy of systolic/diastolic ratios ob- 
tained by either method in the prediction of adverse 
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pregnancy outcome. Because continuous-wave Dopp- 
ler ultrasonography is relatively inexpensive and has 
lower energy output, compared with the pulsed-wave 
Doppler system, it is important to investigate whether 
similar results and information can be obtained with 
either method. The specific purpose of this study is to 
compare the systolic/diastolic ratios obtained by both 
types of instrumentation and to clinically correlate ab- 
normal systolic/diastolic ratios obtained by both meth- 
ods with adverse pregnancy outcome. 


Material and methods 

Umbilical artery velocimetry was performed in 200 
high-risk pregnancies in their third trimester. Before 
entering the study, all participants signed an informed 
consent form approved by the Institutional Review 
Board. Continuous-wave umbilical velocimetry was ob- 
tained transabdominally’ by means of an Angioscan III 
scanner (Unigon Laboratories, North Yonkers, N.Y.), 
with a 4 MHz transducer and a power output of 6.5 
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Table I. Indication for Doppler studies 


Indication n 
Chronic hypertension 42 
Pregnancy-induced hypertension 27 
Intrauterine growth retardation 48 
Systemic lupus erythematosus 5 
Post dates 30 
Diabetes 22 
Decreased fetal movement 14 
Miscellaneous 12 





mW/cm’. The recordings were obtained in the left lat- 
eral decubitus position, and the transducer was ad- 
justed to obtain the best signal.’ The screen was frozen 
and peak systolic/end-diastolic frequency shifts were 
computed with electronic calipers in accordance with 
previously described techniques.’ The waveforms were 
obtained during periods of fetal inactivity, and the sig- 
nal was accepted only after the umbilical venous wave- 
form was seen below the baseline in the direction op- 
posite the arterial signal. Three ratios were obtained 
for each participant, and the mean value was used for 
analysis. A pulsed-wave umbilical Doppler velocimetry 
was determined by means of a General Electric RT 3600 
scanner (Milwaukee) with a 3.5 mHz sector transducer 
with a power output of 25 mW/cm* in the duplex mode. 
The lowest output needed to obtain the Doppler signals 
was used. A free-floating loop of cord in the amniotic 
fluid was identified and the gate was placed over the 
umbilical artery. The waveforms were obtained and 
systolic/ diastolic ratios were calculated with electronic 
calipers in a fashion similar to the continuous-wave 
Doppler signals. The mean value of three ratios was 
calculated for each participant and was used for anal- 
ysis. A systolic/diastolic ratio >3.0 was considered el- 
evated,” and the systolic/diastolic ratios within 7 days 
of delivery were used for correlation with pregnancy 
outcome. The systolic/diastolic ratios obtained were 
only observational; they were not revealed to the phy- 
sicians who were caring for the participants and there- 
fore were not included in management decisions. 
Outcome data were collected for all participants at 
delivery and included gestational ages, birth weights, 
presence of meconium, fetal distress in labor, cesarean 
sections, Apgar scores, gestational ages at delivery, and 
the number of days the neonates spent in the neonatal 
intensive care unit. Descriptive statistics were calculated 
in the usual manner. A statistical analysis was per- 
formed with the paired / test or x as appropriate. A p 
value of $0.05 was considered statistically significant. 


Results 


The various indications for Doppler ultrasono- 
graphic studies are shown in Table I. There were 165 
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participants with normal systolic/diastolic ratios and 35 
participants with elevated systolic/ diastolic ratios. The 
mean systolic/diastolic ratios for the entire population 
and the normal and abnormal subgroups as deter- 
mined with continuous-wave ultrasonography were 
2.81 + 1.79, 1.96 + 0.41, and 6.23 + 1.58, respec- 
tively; ratios determined with pulsed-wave ultrasonog- 
raphy were 2.71 + 1.83, 1.95 + 0.40, and 6.35 + 1.52, 
respectively. There was no statistically significant dif- 
ference between the mean ratios determined by the two 
types of instrumentation for the two subgroups and for 
the entire population. There was no statistically signif- 
icant difference between the systolic/ diastolic ratios for 
individual participants with the use of the two methods 
(paired ¢ test). There were no fetuses with an absence 
of or reverse end-diastolic flow velocity with either 
method. Table II shows the mean of the difference in 
the systolic/diastolic ratios of individual participants 
with the use of continuous-wave and pulsed-wave ul- 
trasonography and the minimum and maximum dif- 
ferences for the entire population and the normal and 
abnormal subgroups. Fig. 1 shows the incidence of ad- 
verse pregnancy outcomes as judged by small-for- 
gestational-age fetuses (less than the tenth percentile 
for California),’ presence of meconium, fetal distress, 
cesarean section, and 5-minute Apgar scores <7 for the 
participants with normal and abnormal ratios. Study 
participants with abnormal ratios had a significantly 
higher incidence of adverse pregnancy outcome as 
compared with participants with normal ratios, as seen 
in Fig. 1. For neonates of the 35 women with abnormal 
ratios, gestational ages at delivery, mean birth weights, 
and days spent in the neonatal intensive care unit were 
compared with the same information for the neonates 
of the 165 participants with normal ratios. Gestational 
ages (34 + 1.2 weeks) and birth weights (1422 + 151 
gm) at delivery were significantly lower for children of 
the women with abnormal ratios, compared with the 
gestational ages (38.5 + 0.9 weeks) and birth weights 
(3100 + 210 gm) for those of women with normal ra- 
tios (p < 0.05). In addition, neonates of participants 
with abnormal umbilical systolic/diastolic ratios spent 
a significantly greater time (17.1 + 5.2 days) in the neo- 
natal intensive care unit, than those whose mothers had 
normal ratios (2 + 0.2 days) p < 0.05. All 35 partic- 
ipants with abnormal ratios 23.0 on pulsed-wave 
Doppler ultrasonography were also found to have ab- 
normal ratios on continuous-wave Doppler ultrasonog- 
raphy. Conversely, all patients with normal ratios on 
continuous-wave ultrasonography also had normal ra- 
tos on pulsed-wave ultrasonography. There was no 
misclassification because of the type of instrumentation 
used, and the two Doppler ultrasonography methods 
selected the same women in each morbidity group. 
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Fig. 1. Perinatal outcome parameters in participants with normal and elevated umbilical sys- 
tolic/diastolic ratios. There was a statistically significant association between abnormal systol- 
ic/diastolic ratios and poor pregnancy outcome. (SGA, small-for-gestational-age fetus; MEC, 
meconium at delivery; FD, fetal distress; C/S, cesarean section; Apgar, 5-minute Apgar score <7). 
Numbers in parentheses are actual number of participants in each group; numbers on top of bars 
are percentages in each group. 


Table II. Difference in umbilical systolic/diastolic ratios for normal, abnormal, and entire population 
obtained by continuous-wave and pulsed-wave Doppler ultrasonography 


Minimum Maximum 
value value 






Mean + SD 
of the difference* 





Normal ratios (<3.0) 165 0.01 + 0.17 —0.53 1.17 0.26 
Elevated ratios (>3.0) 35 —0.12 + 0.56 —0.50 1.40 0.27 
Entire population 200 -0.01 + 0.28 — 1.05 1.40 0.67 


*Continuous-wave systolic/diastolic ratio — pulsed-wave systolic/ diastolic ratio. 


Comment 


Previous studies have used either continuous-wave’ 
or pulsed-wave’ Doppler ultrasonography to determine 
umbilical waveforms and to assess placental resistance. 
To our knowledge, no study has been performed to 
compare the two types of instrumentation in the same 
patient population. Our finding that the similar mean 
systolic/ diastolic ratios can be obtained with either type 
of instrumentation is clinically significant. It suggests 
that either method to obtain systolic/ diastolic ratios is 
reasonable and can yield comparable results. Therefore 
it is possible to compare the clinical results obtained by 
investigators who have used these two types of instru- 
mentation. However, because the fetuses of the group 
with abnormal systolic/ diastolic ratios were very sick, it 
is theoretically possible that more subtle changes in sys- 
tolic/diastolic ratios may be better perceived with 
pulsed-wave Doppler ultrasonography. In addition, be- 
cause systolic/diastolic ratios vary widely along the um- 
bilical cord, pulsed-wave Doppler ultrasonography may 


produce reproducible results because the site of sam- 
pling can be visualized. However, one has to be aware 
that pulsed-wave Doppler ultrasonography equipment 
is more expensive and has a higher energy output than 
continuous-wave Doppler ultrasonography. Investiga- 
tors have raised concerns about waveforms obtained by 
continuous wave because it is a blind method and the 
origin of waveforms is based on pattern recognition. 
We conclude that clinically relevant systolic/ diastolic 
ratios can be obtained by continuous-wave Doppler ul- 
trasonography. 

It is not surprising that continuous-wave and pulsed- 
wave Doppler systems yield similar results because the 
underlying principle of Doppler frequency shift is the 
same. The Doppler frequency shift is dependent on the 
velocity of blood and the angle between the incident 
beam and the flow of blood. Use of the systolic/ diastolic 
ratio eliminates the need to know the angle because it 
is believed to be angle independent. 

In addition to systolic/ diastolic ratios, there are other 





f 


378 Brar etal. 


semiquantitative methods of waveform analysis to as- 
sess downstream vascular resistance. These include the 
pulsatility index (systole minus diastole divided by the 
mean)” and Pourcelot’s index (systole minus diastole 
divided by systole).'' The formulas used to calculate the 
pulsatility index, Pourcelot’s index, and _systolic/dia- 
stolic ratios are functions of peak systole to lowest end 
diastole. Whereas these various index values of resis- 
tance were not measured in this study, it seems rea- 
sonable to assume that the measurement of pulsatility 
index and Pourcelot’s index with either instrumenta- 
tion would also yield similar results. 

Clinically our study confirms the association of ele- 
vated systolic/ diastolic ratios with an adverse pregnancy 
outcome in high-risk pregnancies as judged by small- 
for-gestational-age fetuses, presence of meconium, fe- 
tal distress, cesarean section, and low 5-minute Apgar 
scores. It should be noted that Doppler ultrasono- 
graphic evaluation was not used in the management of 
these pregnancies. Whether earlier intervention on the 
basis of Doppler assessment will reduce the incidence 
of these complications is an untested question. Also, 
there is an association between abnormal Doppler flow 
and early delivery, low birth weight, and prolonged 
time spent in the neonatal intensive care unit. Because 
Doppler ultrasonography waveforms were not used for 
management, these early deliveries followed tradition- 
ally used surveillance methods. The lower delivery 
birth weight and prolonged time in the neonatal inten- 
sive care unit may be a combined result of prematurity, 
smallness for gestational age, and the associated peri- 
natal complications. Previous investigators have shown 
a similar association, in selected groups of women, of 
complications that include intrauterine growth retar- 
dation,” preeclampsia," hypertension," diabetes,” and 
birth of twins." 

In summary, we conclude that the use of either 
continuous-wave or pulsed-wave Doppler ultrasonog- 
raphy for umbilical velocimetry in high-risk pregnan- 
cies appears to be a reasonable form of instrumentation 
that produces similar mean systolic/diastolic ratios and 
clinically predicts poor pregnancy outcome with the 
same accuracy. Umbilical velocimetry may therefore be 
a valuable adjunct in the antepartum assessment and 
surveillance of certain high-risk pregnancies. 
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IN ENDOMETRITIS... 


“GOLD STANDARD” COVERAGE 
HAS ONLY BEEN ACHIEVED 
WHEN ANTIBIOTICS 
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A | A4 FOR ENDOMETRITIS: 


TIMEN TiN 


iCAICIIN AISOAIUMN/ 
clavulanalé potassium 








THE EFFICACY OF “THE CLASSICS” IN 
A NEW TRADITION OF CERTAINTY 


Single-Agent Success Equivalent 
to “Classic” Combination Therapy’ 


TIMENTIN’ CLINDAMYCIN/ 
GENTAMICIN 
CLINICAL RESPONSE* CLINICAL RESPONSE” 





(94 of 106: 92 cured: 


(237 of 258: 230 cured; 





7 improved) 2 improved) 
BACTERIOLOGIC BACTERIOLOGIC 
RESPONSE’ RESPONSE’ 





(636 of 663 pathogens) 


(224 of 246 pathogens) 


W Low incidence (4%) of side effects in clinical trials 


with 351 gynecologic patients. 


“Clinical response defined as cured or improved. Clinical cure defined as complete 
resolution of all presenting signs and symptoms by the end of therapy: improvement 
defined as substantial diminution in the severity of presenting signs and symptoms 

tBacteriologic response defined as elimination of initial pathogen during therapy and 
for the duration of follow-up or unavailability of culture material 


Single-Agent Efficacy With 
Potent B-Lactamase Destruction 


E 40% to 90% of Bacteroides isolates can produce 
B-lactamases that inactivate penicillins and/or 
cephalosporins?” 


E Up to 60% of B melaninogenicus isolates can 
produce B-lactamase.° 


E TIMENTIN*® is the only I.V. clavulanate antibiotic 
—it destroys B-lactamase with the first and most 
potent 6-lactamase destroyer.’ 


> Clavulanate potassium 
destroys Œ most 
5-lactamases produced 

by Gram-positive and 
Gram-negative aerobes 
and anaerobes. 

mÊ TIMENTIN® destroys a 
broad range of bacteria 
regardless of B-lactamase 
production. 





Single-Agent Certainty” 
Against Major Pelvic Pathogens— 
Including Anaerobes 









Cross-Spectrum Confidence 


Percent 
Major Pelvic Pathogens” Susceptible to 
TIMENTIN®'® 


® B bivius (138) 


w B melaninogenicus (34) a Toe 
® B fragilis (326) ee ae 
Peptococcus sp (17) | a 





92.5 
® Klebsiella pneumoniae (10) | 90 
® Proteus mirabilis(\7)__|_100_ 
_ Group B Streptococci (352) | 100 
| Enterococcus (11) | 100 | 
® Staphylococcus aureus (15) | 100 | 


Number in parentheses refers to number of strains tested 
® Potential §-lactamase producer 
"in vitro activity does not necessarily imply in vivo efficacy 
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TIMENTIN 


ICarclllin disodium/ 


avulanale 


ootassium 


48 HOURS OF CERTAINTY 
IN ACUTE EMPIRIC THERAPY 
FOR GYNECOLOGIC INFECTIONS 








BRIEF SUMMARY OF PRESCRIBING INFORMATION 
TIMENTIN® sterile ticarcillin disodium for intravenous 

and clavulanate potassium Administration 
INDICATIONS AND USAGE: TIMENTIN® is indicated in the treatment 
of infections caused by susceptible strains of the designated 
aa teal in the conditions listed below: 

; including bacteremia, caused by G-lactamase producing 
tans of Klebsiella spp.", E. coll", Staphylococcus aureus* and 
feng aeruginosa’ (and other Pseudomonas species"). 

caused by fi-lactamase producing 

strains of Staph lococcus aureus. Hemophilus influenzae* and 
Klebsiella spp* Bona and Joliet Infections caused by 6-lactamase 
producing strains of Staphylococcus aureus. Skin and Skin Structure 
Infections: caused by B- lactamase producing strains of 
Staphylococcus aureus, Klebsiella spp.*, and E. coli,” 
Infections (complicated and uncomplicated): caused by 6-lactamase 
producing strains of E. coli, Klebsiella Spp.. Pseudomonas 
aeruginosa” (and other Pseudomonas Spp, vils Citrobacter spp.° 
Enterobacter cloacae’, Serratia marcescens*, and Staphylococcus 
aureus.” Endometritis caused by 8B- 
lactamase producing strains of 8 melaninogenicus*, Enterobacter 
spp. (including E. cloacae’), Escherichia coli, Klebsiella 
pneumoniae’, Staphylococcus aureus, and Staphylococcus 
epidermidis 

While TIMENTIN is indicated only tor the conditions listed above, 
infections caused by ticarcillin susceptible organisms are also 
amenable to TIMENTIN treatment due to its ticarcillin content 
Therefore, mixed infections caused by ticarcillin susceptible 
organisms and §-lactamase producing organisms susceptible to 
TIMENTIN should not require the addition of another antibiotic. 
ADVERSE REACTIONS: As with other penicillins, the following 
adverse reactions may occur. Hypersensitivity reactions. skin rash, 
pruritus, urticaria, arthralgia, myalgia, drug fever, chills, chest 
discomfort, and anaphylactic reactions. Central nervous system: 
headache, giddiness, neuromuscular hyperirritability or convulsive 
seizures. Gastrointestinal disturbances: disturbances of taste and 
smell, stomatitis, flatulence, nausea, vomiting and diarrhea, 
epigastric pain. Hemic and Lymphatic systems: thrombocytopenia, 
leukopenia, neutropenia, eosinophilia and reduction of hemoglobin 
or hematocrit. Prolongation of prothrombin time and bleeding time 
Abnormalities of hepatic and renal function tests. elevation of serum 
aspartate aminotransferase (SGOT). serum alanine aminotransferase 
Ser), serum alkaline phosphatase, serum LDH, serum bilirubin 

arely, transient hepatitis and cholestatic jaundice-as with some 
other penicillins and some cephalosporins. Elevation of serum 
creatinine and/or BUN, hypernatremia. Reduction in serum 


Dosage for 
Gynecologic Infections 


Moderate: 3.1 grams q6h* 


Severe: 3.1 grams q4ht 


(Based on 200° or 300° mg/kg/day given in divided doses in a 
60 kg patient, Please see full prescribing information.) 


Available in 3.1 gram vials 
and piggyback bottles. 


potassium and uric acid. Local reactions: pain, burning, swelling and 
induration at the injection site and thrombophlebitis with intravenous 
administration. Overdosage: As with other penicillins, TIMENTIN in 
overdosage has the potential to cause neuromuscular 
hyperirritability or convulsive seizures. Ticarcillin may be removed 
from circulation by hemodialysis. The molecular weight, degree of 
protein binding and pharmacokinetic profile of clavulanic acid 
together with information from a single patient with renal 
insufficiency all suggest that this compound may also be removed 
by hemodialysis 

CONTRAINDICATIONS: TIMENTIN is contraindicated in patients with 


a EN ae OUS aN AND o an Ni the TONAL ps. 


ITIV Ñ (EN HYLAS ERIGI AC 


IS HAV 

Nap ji i aa fi 
R Yh Ate ii Wie val Bcc RIN INDIV 
HIS F PENICILLIN HVE NSITIVITY Hist RY 
SLAC ORNS TO MU H LERGENS IDOR A S BEEN 
EPORTS 0 INDIVIDU L wit A | PORY O PENICILLI 
HYPER EN SIT NO ty iH HAVE EXPERIENCED SEV 
REACTIONS WHEN TREATED WITH CEPHALOSPORINS. BEFOR 
INITIATING TH ian AP IMENTIN. CAREFUL INQUIRY 
HOULD BE MA RNIN PREVIOUS HYPERSENSITIVITY 
ROET ONS YO PENERE ON E BAIRE ONNA A aE 
BE bist St NUN ive) E N AAN iN ABY 


UTE Np: H ACTI! N 
hid Lane Ararat 
PRECAUTIONS: While TIMENTIN possesses the characteristic low 
toxicity of the penicillin group of antibiotics, organ system functions 
should be assessed periodically during therapy 

Bleeding manifestations have occurred in some patients receiving 
8-lactam antibiotics. These reactions have been associated with 
abnormalities of coagulation tests such as clotting time, platelet 
aggregation and prothrombin time and are more likely to occur in 
patients with renal impairment. If bleeding manifestations appear, 
TIMENTIN treatment should be discontinued and appropriate therapy 
instituted 

TIMENTIN has only rarely been reported to cause hypokalemia. 
Periodic monitoring of serum potassium may be advisable in 
patients receiving prolonged therapy. 

Pregnancy (Category 8): Reproduction studies have been 
performed in rats given doses up to 1050 mg/kg/day and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
TIMENTIN. There are, however, no adequate and well-controlled 
Studies in pregnant women. Because animal reproduction studies 








are not always predictive of human response. this drug should be 
used during pregnancy only if clearly needed. 
DOSAGE AND ADMINISTRATION: TIMENTIN should be 
administered by intravenous infusion (30 min.). Usual recommended 
dose for systemic and urinary tract infections for average (60 kg) 
adults is 3.1 Gm TIMENTIN (31 Gm vial containing 3 Gm ticarcillin 
and 100 mg clavulanic acid given every 4 to 6 hours. For 

necologic infections TIMENTIN should be administered as follows: 

cderate infections 200 mg/kg/day in divided doses every 6 hours 
and for severe infections 300 mg/kg/day, based on ticarcillin content, 
in divided doses every 4 hours. For patients wog o less than 60 
kg, the recommended dosage is 200-300 mg/kg/day, based on 
ticarcillin content, given in divided doses wey à to 6 hours. In 
urinary tract infections, a om of 3.2 Gm TIMENTIN (3.2 Gm vial 
containing 3 Gm ticarcillin and 200 mg clavulanic acid) given every 8 
hours is adequate. Please see official package insert for details on 
dosages for other patients, including those with renal insufficiency, 
and directions for use, 
SUPPLIED: 3.1 Gm anc 3.2 Gm Standard Vials; 3.1 Gm and 3.2 Gm 
Piggyback Bottles; 31 Gm Pharmacy Bulk Package; 3.1 Gm ADD- 
Vantage® Antibiotic Vial. 

“Efficacy for this organism in this organ system was studied in 
fewer than 10 infections 7548/G-BS 01988, Beecham Laboratories 
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TRI-LEVLEN 


Levonorgestrel and ethinyl estradiol tablets —Triphasic regimen 


54" less breakthrough bleeding’ 
than Ortho-Novunt’ 7/7/7 


Demonstrated in the largest parallel 
comparative trial of triphasic OCs to date’ 


*Serious as well as minor side effects have been reported with the use of all oral contraceptives. The 
alert to the earliest CEPOT gheentromdae Sareea peal nue oral contraceptive therapy when appropriate Pleees eee kil 
prescribing information, a brief summary of which follows 
1100 women randomly assigned to Tn-Levien* ho egary cont begirari ws? 5D RC Eas OL EAR 
contraception as a control. Evaluations were at baseline indy alors months. 
One cycle of Tri ‘altar? lation RG AANA RANA on or 6 days, 40 mc moga 5 days and 
phen por te fehau $; evonorgestl_B0 mog/day fr 6 days, 75 75 moade fers Gaye und 125 eo! ay for 10 days. One 

of Ortho-Novum* 7/7/7 therapy provides vhs Sey aa 35 mcg/day for 21 days; norethindrone—500 meg/day tor 
Todays. 780 maida tor Gave on DOD men iday 8 
Ortho-Novum*® Aa a mnie clean 
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TRI-LEVLEN® 28 Levonorgestrel and ethinyl estradiol 
TRI-LEVLEN® 21 tablets—Triphasic regimen 


BRIEF SUMMARY 

Tri-Levien*—6 brown tablets, each containing 3.050 mg of levonorgestre! (d(-)-13 beta-ethy!-17-alpha-ethinyl-17-beta-hydraxy- 

Oty pegeh amen „and 0.030 mg of ethinyl estradiol (19-nor-17a-pregna-1,3.5(10)-tnen-20-yne-3. 17- 
): 5 white tablets, containing 0.075 mg levonorgestrel and 0.040 mg ethinyl estradiol; 10 light-yellow tablets, each 

aay 0.125 mg levonorgestrel and 0.030 mg ethinyl estradiol (7 light-green tablets containing inert ingredients are included in 


triphasic regimen). 
inate ad Yah {neve Tablets are indicated for the prevention of pregnancy in women who elect to use ora! contraceptives 
(OCs) as 2 of contraception. 

€ OCs should not be used in wemen with any of the following conditions: 1. Thrombophiebitis or thromboembolic 
disorders. 2. A past history of deep-vein thrombophlebitis or thromboembolic disorders. 3. Cerebral-vascular or coronary-artery 
disease. 4. Known or carcinoma of the breast. 5. Known or suspected estrogen-dependent neoplasia. 6. Undiagnosed 
abnormal genital bleeding. 7. Known or suspected pregnancy (see Warning No. 5) & Benign or malignant liver tumor which 


developed during the use of OCs or other estrogen-containing products. 
yo increases the risk of serious cardiovascular side effects trom oral contraceptive use. This risk increases with age and 
heavy er eno ee ee eee ee a ee ee eee 
contraceptives should be strongly not te smoke. 
The use of oral contraceptives is associated with increased risk of several serious conditions, including thromboembolism 
stroke, myocardial infarction, hepatic adenoma, gallbladder disease, hypertension. Practitioners prescribing ora! con- 
traceptives should be familiar with the following ation relating to these risks 










1. Thromboembolic Disorders and Other Vascular Problems. An increased nsk of thromboembolic and thrombotic disease associated 

with the use of OCs is well established. Three principal studies in Great Britain and three in the United States have demonstrated an 

increased risk of fatal and nonfatal venous thromboembolism and stroke. both hemorrhagic and thrombotic. These studies estimate 

that users of OCs are 4 to 1] times more likely than nonusers to develop these diseases without evident cause 

CEREBROVASCULAR DISORDERS—in a collaborative American study of cerebrovascular disorders in women with and without 

eee ser. causes, it was estimated that the risk of hemorrhagic stroke was Z 0 times greater in users than nonusers and the risk of 
ic stroke was 4 to 9.5 times greater in users than in nonusers. 


MYOCARDIAL INFARCTION — An increased risk of myocardial infarction associated with the use of OCs has been reported. confirming a 
previously suspected association. These studies, conducted in the United Kingdom, found, as expected, that the greater the number of 
underlying risk factors for coronary-artery disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, history 
of preeclamptic toxemia) the higher the risk of developing myocardial infarction, regardless af whether the patient was an OC user or 
not. OCs, however, were found to be a clear additional risk factor. In terms of relative risk, it has been estimated that OC users who do 
not smoke (smoking is considered a mayor predisposing condition to myocardial infarction) are about twice as likely to have a fatal 
ial infarction as nonusers who do not smoke. OC users who are also smokers have about a 5-fold increased nsh of fatal 
infarction to users who do not smoke but about a 10- to 12-fold increased rish compared to nonusers who do not smoke. 
Furthermore, the amount of smoking is also an important factor In determining the importance of these relative nsks, however the 
baseline rates for various age groups must be given serious consideration. The importance of other predisposing conditions mentioned 
above in determining relative and absolute risks has not as yet been quantified, it is quite likely that the same synergistic action 
exists, but perhaps to a lesser extent. 
RISK OF DOSE—JIn an analysis of data derived from several national adverse reaction reporting systems, British investigators 
concluded that the risk of thromboembolism, including coronary thrombosis, ts directly related to the dose of estrogen used in OCs. 
Preparations containing 100 mcg or more of estrogen were associated with a higher risk of thromboembolism than those containing 
50-80 meg af estrogen. Their analysis did suggest, however that the quantity of estrogen may not be the sole factor involved. This 
finding has been confirmed in the United States. 

OF EXCESS MORTALITY FROM CIRCULATORY DISEASES —A large prospective study carried out in the U.K estimated the 
mortality rate per 100,000 women per year from diseases of the circulatory system for users and nonusers of OCs according to age. 
we habits and duration of use. The overall excess death rate annually from circulatory diseases for OC users was estimated to be 
20 per 100,000 (ages 15-34—5/100,000, ages 25-44—33/100,000, ages 45-49— 140/100,000), the risk being concentrated in 
older women, in those with a long duration of use and in cigarette smokers. It was not 
possible, however to examine the interrelationshups of age, smoking and duration of use, 
nor to compare the effects of continuous vs. intermittent use. Although the study showed 
a 10-fold increase in death due to circulatory diseases in users for 5 or more years, all of 
these deaths occurred in women 35 or older Until larger numbers of women under 35 with 
continuous use for 5 or more are available, it is not possible to assess the 
this younger age group The available data from a 

to estimate the risk of death associated with 


the combined risk of the contraceptive method (e.g. thromboembolic and thrombotic 
disease in the case of OCs) plus the risk attributab-e to pregnancy or abortion in the event 
of method failure. This latter risk vanes with the effectiveness of the contraceptive 
concluded that the mortality associated with all methods of birth contro! is low and below that associated with 
childbirth, with the exception of OCs in women over 40 who smoke. The lowest mortality 1s associated with the condom or diaphragm 
backed up by early abortion. The risk cf thrombeembolic and thrombotic disease associated with OCs increases with age after 
approximately age 30 and, for myocardial infarction, is further increased by hypertension. hypercholesterolemia, obesity, diabetes or 
eve Ded engr at toxemia and, especially, by cigarette smoking The physician and the patient should be alert to the earliest 
of thrombophlebitis and thrombotic disorders (¢.g., thrombophlebitis. pulmonary embolism, cerebrovascular insuffi- 
ciency, coronary occlusion, retinal thrombosis and mesentenc thrombosis). Should any of these occur of be suspected. the drug should 
be discontinued immediately A four-to-six-fold increased risk of pastsurgery thromboembolic complications has been reported in OC 
users. If feasible, OCs should be discontinued at least 4 weeks before surgery of a type associated with an increased nsk of 
thromboembolism of prolonged immobilization. 
PERSISTENCE OF RISK OF ULAR DISORDERS— Findings trom one study in Great Britain involving cerebrovascular disease and 
another study in the United States concerning myocardial infarction suggest that an increased risk of these conditions in users of OCs 
ists after discontinuation of the OC. In the British study, the risk of cerebrovascular disease remained elevated in former OC users 
at least six after discontinuation. In the U S. study, an increased risk of myocardial infarction persisted for at least 9 years in 
women 40- to 49-years-old who had used OCs for five or more years. The findings in both these studies require confirmation since they 
are inconsistent with other published informatior 
2. Ocular Lesions: There have been reports of neuro-ocular lesions, such as optic neuritis of retinal thrombosis, associated with the 
use of OCs. Discontinue OC medication if there is unexplained, sudden or gradual, partial or complete loss of vision: onset of proptosis 
or diplopia: papeliedema or retinal-vascular lesions, and institute appropriate diagnostic and therapeutic measures. 
3. Carcinoma: Long-term continuous administration of either natural or synthetic estrogen in certain animal species increases the 
frequency of carcinoma of the breast, cervix, vagina and liver Certain synthetic progestogens, none currently contained in OCs, nave 
been noted to increase the incidence of mammary nodules, benign and malignant, in dogs. In humans, three case-control studies 
have reported an increased risk of endometna! carcinoma associated with the prolonged use of exogenous estrogen in 
postmenopausal women. One publication reported on the first 21 cases submitted by physicians to a registry of cases of 
adenocarcinoma of the endometrium in women under 40 on OCs. Of the cases found in women without predisposing nisk factors for 
adenocarcinoma of the endometrium (e.g, wregula* bleeding at the time OCs were first given, polycystic ovaries) nearly all occurred in 
women who had used a | OC. These products are no longer marketed. No evidence has been reported suggesting an 
increased risk of endometrial cancer in users of conventional combination or progestogen-only OCs. Several studies have found no 
increase in breast cancer in women taking OCs or estrogens. One study. however, while also noting no overall increased nisk of breast 
cancer in women treated with OCs, an excess risk in the subgroups of OC users with documented benign breast disease. A 
reduced occurrence of benign breast tumors in users of OCs has been well-documented In summary there is at present no confirmed 
evidence from human studies of an increased risk af cancer associated with OCs. Close clinical surveillance of all women taking OCs 
is, nevertheless, essential. In all cases of undiageosed persistent or recurrent abnormal vaginal bleeding. appropriate diagnostic 
measures should be taken to rule out malignancy. Women with a strong family history of breast cancer or who have breast nodules. 
fibrocystic disease or abnormal mammograms should be monitored with particular care if they elect to use OCs. 
4. Hepatic Tumors: Benign hepatic adenomas have been found to be associated with the use of OCs. One study showed that OC 
formulations with high hormonal potency were associated with a higher risk than lower potency formulations. Although benign, 
hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. This has been reported in short-term as 
well as long-term users of OCs. jes relate rsk with duration of use of OCs, the nsk being much greater after 4 or more years of 
OC use. While hepatic adenoma is a rare lesion, it should be considered in women presenting abdominal pain and tenderness, 
abdominal mass or shock. A few cases of hepatocellular carcinoma have been reported in women taking OCs. The relationship of these 
drugs to this type of malignancy is not known at this time. 
S. Use in or leumediately Preceding Pragnency. Birth Defects in Offspring and Malignancy in Female Offspring. The use of temale sex 
and progestational agents— during early pregnancy may seriously damage the offspring. It has been 
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Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon after stopping OCs is unknown. It is 
recommended that, for any patient who has missed two consecutive periods, pregnancy should be ruled out before continuing. If the 
patient has not adhered to the prescribed schedule. the possibility of pregnancy should be considered at the time of the first missed 
period and further use of OCs should be withheld until pregnancy has been ruled out. It pregnancy ts confirmed, the patient should be 
apprised of the potential risks to the fetus. and the advisability of continuation of the pregnancy should be discussed in the light of 
these risks. It is also recommended that women who discontinue OCs with the intent of becoming pregnant use an alternate form of 
contraception for a period of time before attempting to conceive. Many clinicians recommend 3 months, although no precise 
intormation is available on which to base this recommendation. The administration of progestogen-only or progestogen-estrogen 
combinations to induce withdrawal bleeding should not be used as a test of per 
6. Gallbladder Disease: Studies report an increased nsh of surgically confirmed gallbladder disease in users of OCs and estrogens. In 
one study, an increased rish appeared after 2 years of use and doubled after 4 or 5 years of use. In one of the other studies, an 
increased risk was apparent between 6 and 12 months of use 
7 Carbohydrate and Lipid Metabolic Effects. A decrease in glucose tolerance has been observed in a significant percentage of 
patients on OCs. For this reason, prediabetic and diabetic patients should be carefully observed while receiving OCs. An increase in 
tnglycendes and total phospholipids has been observed in patients receiving OCs. Three studies have been performed with the Tri- 
Levien Tablets (Levonorgestrel and Ethinyl Estradiol Tablets Iniphasic Regimen) formulation and no significant alterations in lipid 
metabolism were noted, with the exception of a slight increase in triglyceride levels in one study The clinical significance of these 
findings remains to be defined 
8. Elevated Blood Pressure- An increase in blood pressure has Deen reported ia patients recerving OCs. in some women. hypertension 
may occur within a few months of beginning OC use In the first year of use, the prevalence of women with hypertension is low in users 
and may be no higher than that of a comparable group of nonusers The prevalence in users increases. however with longer exposure. 
and in the fitth year of use is two-and-a-half to three times the reported prevalence in the first year. Age is also strongly correlated with 
the development of hypertension in OC users. Women who previously have had hypertension during pregnancy may be more likely to 
develop elevation of blood pressure when given OCs. Hypertension that develeps as a result of taking OCs usually returns to normal 
after discontinuing the drug 
9 Headache The onset or exacerbation of migraine cr development of headache of a new pattern which is recurrent. persistent or 
severe, requires discontinuation of OCs and evaluation of the cause 
10. Bleeding /rregularities. Breakthrough bleeding, spotting and amenorrhea are frequent reasons for patients discontinuing OCs. in 
breakthrough bleeding. as in all cases of wregular bleeding from the vagina, nonfunctional causes should be borne in mind. In 
undiagnosed persistent or recurrent abnormal ee from the vagina, adequate diagnostic measures are indicated to rule out 
pregnancy or malignancy If pathology has been excluded, time or a change to another formulation may solve the problem. Changing to 
an OC with a higher estrogen content, while potentially useful in minimizing menstrual irregularity, should be done only if necessary 
since this may increase the risk of thromboembolic disease. Women with a pas! history of oligomenorrhea or secondary amenorrhea or 
young women without regular cycles may have a tendency to remain anovulatory or to become amenorrhesc after discontinuation of 
OCs. Women with these preexisting problems should be advised of this possibilty and encouraged to use other contraceptrve methods 
Post-use anovulation, possibly prolonged, may alse occur in women without previous irregularities 
ll. Ectopic Pregnancy: Ectopic as well as intrauterine pregnancy may occur in contraceptive failures 
12. Breast-feeding: OCs given in the postpartum penod may intertere with lactation, There may be a decrease in the quantity and 
Quality of the breast milk. Furthermore, a smail fraction of the hormonal agents in OCs has been identified in the milk of mothers 
recerving these drugs. The effects, if amy on the breast-fed child have not been determined. If feasible, the use of OCs should be 
deferred until the infant has been weaned 
Precautions—GENERAL— |. A complete medical and family history should be taken prior to initiation of OCs. The pretreatment 
and penodic physical examinations should include special reference to bod pressure, breasts, abdomen and pelvic organs. 
including Papanicolaou smear and relevant laboratory tests. As a general rule, OCs should not be prescnbed for longer than | year 
without another physical examination and PAP smear being performed. 2. Under the influence of estrogen- progestogen preparations, 
preexisting uterine leiomyomata may increase in size 3 Patients with a history of psychic depression should be carefully observed and 
the drug discontinued if depression recurs to a senous degree Pahents becoming significantly depressed while taking OCs should 
stop the medication and use an alternate method of contraception in an attempt to determine whether the symptom is drug-related. 4. 
OCs may cause some degree of fluid retention. They should be prescribed with caution, and only with careful monitoring, in patients 
with conditions which might be aggravated by fluid retention, such as convulsive disorders. migraine syndrome, asthma, of cardiac or 
renal insufficiency 5. Patents with a past history of aundice duning pregnancy have an increased risk of recurrence of jaundice while 
recerving OC therapy. If jaundice develops in any patient receiving such drugs, the medication should be discontinued. 6 Steroid 
hormones may be poorly metabolized im patients with impaired liver function and should be administered with caution in such 
patents. 7. OC users may have disturbances in normal tryptophan metabolism which 
may result in a relative pyridoxine deficiency The clinical significance of this is yet to be 
by OC therapy. Since the pregnant 


® determined. 8 Serum folate levels may be d 
e woman is predisposed to the development of folate deficiency and the incidence of folate 
deficiency increases with increasing gestation, it 1s possible that it a woman becomes 
pregnant shortly after stopping OCs, she may have a greater chance of developing folate 
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deficiency and complications attributed to this deficiency 9 The pathologist should be 
advised of OC therapy when relevant specimens are submitted 10. Certain endocrine- 
and liver-tuncton tests and blood components may be affected by estrogen-contarning 
OCs: a. Increased sulfobromophthalein retention. b. Increased prathrombin and factors 
Vil, Vill. IX and X: decreased antithrombin 3; increased porepinephrine-induced platelet 
aggregability c. Increased thyrord-binding globulin (TBG) leading to increased circulat- 
ing total-thyroid hormone, as measured by protein-bound iodine (PBI), 14 by column or 14 by radioimmunoassay Free 13 resin uptake 
~ decreased, reflecting the elevated TAG. free T4 concentration is unaltered. d. Decreased pregnanediol excretion. e. Reduced response 
metyrapone test 
islormatios tor the Patient— See Patient Package Labeling 
Drug lateractions Reduced efficacy and increased incidence of breakthrough bleeding have been associated with concomitant use of 
ritampen. A similar association has been suggested with barbiturates. phenylbutazone, phenytoin sodium. ampicillin and tetracycline. 
Carcigogenesis—See “Warnings” section for information on the carcinogene potential of OCs. 
eo Ro r Category X. See “Contraindications’ and “Warnings.” 
Mursing See “Warnings.” 
Adverse Reactions—An increased risk of the following serous adverse reactions has been associated with the use of OCs (see 
“Warnings’). thrombophlebitis, pulmonary embolism, coronary thrombosis, cerebra thrombosis. cerebral hemorrhage. hypertension, 
alldladder disease, benign hepatomas, congenital anomalies 

e is evidence of an association between the following conditions and the use of OCs, although additional confirmatory studies are 
needed mesenteric thrombosis, neuro-ocular lesions, e.g. retinal thrombosis and optic neuritis. 
The following adverse reactions have been reported in patents receiving OCs and are believed to be drug-related. Nausea and/or 
vomiting, usually the most common adverse reactions, occur in approumately 10 percent of less of patients during the first cycle. 
Other reactions. as a general rule, are seen much less frequently or only occaseonally. gastrointestinal symptoms (such as abdominal 
cramps and bloating): breakthrough bleeding: spotting: change in menstrual flow, _ amenorrhea during and after 
treatment, temporary infertility after discontinuance of treatment, edema; chloasma of melasma which may persist; breast changes 
tenderness, enlargement and secretion, change in cervical erosion and cervical secretion. possible diminution in lactation when given 
immediately postpartum. cholestatic jaundice. migraine, increase in size of uterine levomyomata; rash (allergic); mental depression: 
reduced tolerance to carbohydrates, vaginal candidiasis, change in corneal curvature (steepening), intolerance to contact lenses. 
The following adverse reactions have been reported in users of OCs, and the association has been neither confirmed nor refuted 
premenstrual-like syndrome. cataracts, changes in libido, chorea. changes in appetite. cystitis-like syndrome, headache. ner- 
yousness, dizziness, hirsutism, loss of scalp haw erythema multiforme, erythema nodosum, hemorrhagic eruption, vaginitis, 
porphyria. hemolytic uremic syndrome 
Acute Overdose—Senous ill effects have not been reported following acute ingestion of large doses of OCs by young chidren 
Overdosage may Cause nausea. and withdrawal bleeding may occur in females 
Dosage and Administration—To achieve manmum contraceptive effectiveness, Ti-Levlen Tablets (Levonorgestrel and Ethinyl Estradiol 
Tablets—Triphasic Regimen) must be taken exactly as directed and at intervals not exceeding 24 hours. (If In-Levien is first taken 
later than the first day of the first menstrual cycle of medication or postpartum, contraceptive relance should not be placed on it until 
atter the first 7 consecutive days of administration. The possibility of ovulation and conception prior to initiation of medication should 
be considered) Any time the patient misses 1 or 2 brown, white or light-yellow tablets, she should also use another method of 
contraception until she has taken a tablet daily for 7 consecutive days 
For full details on dosage and administration see prescribing information in package insert 60611-1 5/86 


Reference: 1. Data on file, Berlex Laboratories, Inc. 
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The effect of maternal position on uterine artery flow during 
antepartum fetal heart rate testing 


Frank R. Witter, MD, and Richard E. Besinger, MD 
Baltimore, Maryland 


~O 


Uterine artery flow-velocity waveforms obtained with continuous wave Doppler techniques during nonstress 
testing showed no difference between the left lateral decubitus position and the supine position, 
suggesting no difference in uterine blood flow. (AM J OpsteT GYNECOL 1989;160:379-80.) 


Key words: Nonstress test, maternal position, Doppler flow measurements, uterine artery, 


pregnancy 


The nonstress test (NST) is used routinely in ante- 
partum assessment of the fetus. Recent evidence sug- 
gests that maternal position, the left lateral decubitus 
position in particular, is an important factor in assuring 
a reactive test.' It has been hypothesized that compres- 
sion of the abdominal aorta by the gravid uterus, when 
the mother is in a supine position, results in a reduction 
of uterine blood flow.? The purpose of this study was 
to evaluate the effect of maternal position on uterine 
artery flow-velocity waveform obtained with continuous 
wave Doppler techniques during NSTs. 


Material and methods 


Patients undergoing indicated nonstress testing made 
up the potential population of this study. Patients who 
had a reactive NST in the left lateral decubitus position 
(our routine position) were approached to enter the 
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Table I. Patient data 









Patient No. Indication for testing 


Gestational age (wk) 


1 Gestational diabetes 36 1/7 
2 Gestational diabetes 38 2/7 
3 Previous loss 33 1/7 
4 Gestational diabetes 33 1/7 
5 Gestational diabetes 37 4/7 
6 Previous loss 29 3/7 
7 Intrauterine growth 36 0/7 
retardation 
8 Pregnancy-induced: 32 0/7 
hypertension 
9 Postterm 40 6/7 
10 Postterm 41 4/7 


study. Ten informed, consenting women chose to enter 
the study. 

While the patient was still in the left lateral decubitus 
position, the uterine artery was localized by real-time 
ultrasonography. After localization and identification 
of a characteristic signal pattern, continuous Doppler 
imaging of the uterine artery velocity waveform was 
used to obtain a systolic-to-diastolic flow ratio (S/D ra- 
tio). The patient was then placed in the supine position 
and the NST repeated. The uterine artey was again 
localized with real-time ultrasonographic imaging and 
the uterine artery S/D ratio measured again, with con- 
tinuous Doppler imaging. | 

The difference in S/D ratio between the left lateral 
decubitus position and the supine position was analyzed 
by the Wilcoxon signed-rank test. Statistical significance 
was defined as a p value of <0.05. 

This protocol was approved by our institutional re- 
view board on human clinical investigation before im- 
plementation. 


Results 


All patients were in the third trimester of pregnancy. 
Table I presents the indication for each patient’s testing 


















lateral and supine 


2.20 2.44 0.24 
1.65 3.10 1.45 
3.25 2.92 — 0.33 
3.22 2.76 — 0.46 
1.85 1.81 — 0.04 
1.88 1.90 0.02 
2.10 2.50 0.40 
1.61 2.00 0.39 
2.02 2.77 0.75 
2.46 2.66 0.20 
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and the data on uterine artery S/D ratios. The NSTs 
of patients 2 and 8 became nonreactive in the supine 
position. In all other patients NST results were unaf- 
fected by positional change from left lateral decubitus 
to supine. When analyzed by the Wilcoxon signed-rank 
test, the S/D ratio of the uterine arteries did not change 
significantly when patients moved from the left lateral 
decubitus position to the supine position (value of Wil- 
coxon signed-rank test = 25; p > 0.05). 


Comment 


Our analysis of uterine artery flow-velocity wave- 
forms in supine and left lateral decubitus positions dur- 
ing NST testing fails to demonstrate a significant al- 
teration in the S/D ratio with maternal position 
changes. While these waveforms do not represent ab- 
solute uterine artery blood flow, it can be inferred that 
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significant changes in uterine artery hemodynamics do 
not occur with changes in maternal position. However, 
the fact that two patients experienced nonreactive 
NSTs with a supine maternal position suggests that a 
left lateral decubitus position does reduce the per- 
centage of false nonreactive NSTs. Despite the limita- 
tions of small sample size, our data suggest that an 
explanation other than alterations in uterine artery 
blood flow may be required to explain the observed 
improvement in NST results with a maternal lateral 
decubitus position. 
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Measurement error in clinical perinatal data 
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The error measurement of clinical perinatal variables obtained during the standardization and 
data-collection periods of a large prospective epidemiologic study is presented. The error is considerably 
larger during the data-collection period, particularly with regard to uterine height, birth weight, and blood 
pressure values. This information strongly supports the need to continuously supervise and monitor 
perinatal data collection systems, even after standardization. (Am J OBSTET GYNECOL 1989;160:380-2.) 


Key words: Perinatal epidemiology, measurement error 


Clinical data routinely collected in perinatal units are 
the basis for epidemiologic research with regard to re- 
productive performance. This source of information 
has become more attractive in recent years after hos- 
pitals and health departments incorporated precoded 
(totally or summary) medical records. This information 
allows personnel to monitor perinatal services and to 
explore epidemiologic questions including, when ag- 
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gregated, the study of relatively rare diseases. Under 
these conditions, data are collected by numerous per- 
sonnel and the procedures are seldom standardized. 
We will present information pertinent to the error mea- 
surements of clinical perinatal data during standard- 
ization and during the data collection period of a large 


prospective epidemiologic study. 


Material and methods 


The population was selected from the Guatemalan 
Perinatal Study and has been described in detail else- 
where." ? Every 2 weeks the field director met with ex- 
aminers to standardize measurement procedures at the 
clinic. All 24 examiners were independently standard- 
ized with regard to variables of mothers and newborns. 
The usual procedure involved two examiners (one of 
whom was the field director) who measured 10 preg- 
nant women twice during the same prenatal visit to the 
clinic. Analysis of variance for repeated measurements* 
were performed to test for statistically significant vari- 
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Table I. Two-way analysis of variance table for measurement error of uterine height during 


standardization period 





Source of error Degree of freedom p Value 
Patient (n = 10) n-1=9 38.56 77.3 <0.01 
Examiners (n = 2) (between) 2-l1=] 0.23 0.45 NS 
Measurements (within) (n = 2) 2-l1=] 0.03 0.05 NS 
Interaction (error X measurement) 1x1i=1 0.03 0.05 NS 
Error 9 x 3 = 27 0.50 
Sample size = 10 Pregnant women; the two examiners measured each patient twice. 
Table If. One-way analysis of variance table for measurement error of uterine height during 
data-collection period 
Between patients 214 92.3 19.1 <0.01 
Within patients 215 4.83 
TOTAL 429 





Measurement error = V Mean square of within-patient error = V4.83 = 2.2 cm 


Table III. Measurement error in perinatal data at time of standardization and during 


data-collection period 
Variable 


Maternal weight (gm) 
Uterine height (cm) 
Blood pressure (mm Hg) 
Systolic 
Diastolic 
Newborn 
Birth weight (gm) 


Length (cm) 
Head circumference (cm) 


Standardization 


Data collection 


495 663 
0.63 22 
2.04 8.47 
4.07 7.57 
8 9] 
0:93 0.96 
0.76 0.69 





ations from the patients, examiners, and measurements 
and to test for interaction. The standardization pro- 
cedure was considered complete only when all sources 
of variation, other than the patient, were statisti- 
cally nonsignificant (p > 0.05). It has been considered 
acceptable if the SD of the error is less than or 
equal to values reported in the literature from similar 
studies.“ 

Comparisons of the error measurements obtained 
during the standardization and the data-collection pe- 
riods are made in this report. During the standardiza- 
tion period four measurements were obtained from 
each study participant; two were by the field director 
and two were by individual physicians or nurses. The 
error measurement was calculated with the square root 
of the pooled mean square from a two-way analysis of 
variance, for the examiners (between), measurements 
(within) and interactions (Table I). Nevertheless, the 
between-examiner’s estimate was always the most im- 
portant component of this measurement, and the re- 
sults should be considered as an expression of this term. 


For example, in Table I the between-examiner’s mean 
square is 0.23, whereas the within’s mean square is 0.03 
and the interaction’s mean square is 0.03. Therefore 
the error measurement for uterine height will be 
V0.29 or 0.54 cm. (This physician will contribute this 
value to the overall measurement error.) The value for 
a particular variable obtained in the last training section 
from all physicians or nurses who were considered to 
be standardized was used to calculate the mean value 
included in the Results section. 

During the data-collection period patients were se- 
lected from the eight antenatal clinics at a nonprede- 
termined time each day. Patients were taken to the 
study clinic where the antenatal visit and interviews 
were repeated. Furthermore, data including Apgar 
scores and all newborn anthropometric measurements 
were also simultaneously collected during labor and 
delivery. The information routinely collected for the 
perinatal follow-up study (data-collection period) was 
used as one source of data; the physician and social 
workers’ repetition of the antenatal visit and interviews 
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were the other source of data.” The error measurement 
was then calculated from the square root of the within- 
patient mean square from a one-way analysis of vari- 
ance used to compare the two sources of data. For the 
uterine height example presented before, the error 
measurement will be V4.83 = 2.2 cm (Table II). This 
value is considered to be a measure of interrater im- 
precision (error). 


Results 


Table III presents measurement errors of several 
perinatal variables during the standardization and 
data-collection periods. As expected, the error gener- 
ally is larger during the data-collection period than dur- 
ing the standardization period. This increase is partic- 
ularly large in the case of uterine height (from 0.63 cm 
to 2.2 cm), birth weight (from 8 gm to 90 gm) and 
blood pressure (from 2.04 mm Hg and 4.07 mm Hg 
to 7.57 mm Hg and 8.47 mm Hg, respectively). The 
error during the data-collection period may be over- 
estimated because different physicians and nurses were 
evaluating different study participants. The higher 
measurement error in blood pressure is similar to data 
reported from other populations. MacGillivray et al. 
did not find important differences between survey 
nurses and ordinary clinic staff under standard con- 
ditions. However, when comparisons are made early in 
pregnancy between survey nurses and clinic staff in the 
regular clinic, resting mean differences between ob- 
servers can be as high as 10 mm Hg.’ 
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Comment 


This information strongly supports the need to con- 
tinuously supervise and monitor data-collection systems 
with regard to their clinical variables even after oper- 
ators have been standardized. If this is not the case, the 
error in the outcome variables, such as blood pressure, 
can be as high as 10% of the actual value during the 
data-collection period. This is particularly important in 
epidemiologic studies or clinic trials where large errors 
in the outcome variables will require larger sample size. 
If measurement errors are reduced this will lessen 
the likelihood that studies of fixed sample sizes will 
show nonstatistically significant results when biologi- 
cally important differences are observed (false-negative 


results). 
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Diagnosis of gestational diabetes by use of a glucose polymer 


E. Albert Reece, MD, Sandro Gabrielli, MD, Mazen Abdalla, MD, 
Theresa O’Connor, MPH, Mitzi Bargar, RN, and John C. Hobbins, MD 


New Haven, Connecticut 


The oral glucose tolerance test is the recommended method for the assessment of carbohydrate 
metabolism in pregnancy. However, available glucose drinks are often associated with varying degrees of 
gastrointestinal symptoms that might preclude meaningful-studies. Polycose (Ross Labs, Columbus, Ohio) 
is a glucose saccharide polymer mixture containing 3% glucose, 7%: maltose, 5% maltotriose, and 85% 
polysaccharide of 4 to 15 glucose units, with an osmotic load one fifth that of glucose. We assessed the 
efficacy of this glucose polymer in the performance of a 3-hour carbohydrate tolerance test with glucose 
and glucose polymer used 3 to 5 days apart in each patient tested. After 2 days of 300 gm 
carbohydrate-enriched diets, 48 patients underwent 3-hour carbohydrate tolerance tests at a mean’ 
gestational age of 30 + 3 weeks. Statistical analysis revealed a moderate level of agreement (k = 0.45, 
p < 0.001) between.the results of both carbohydrate tolerance test preparations. Patients experienced 
fewer gastrointestinal symptoms with the glucose polymer than with glucose. These preliminary data 
suggest that glucose polymer may be effectively used in the performance of a 3-hour carbohydrate 


tolerance test. (AM J OBSTET GYNECOL 1989;160:383-4.) 


Key words: Gestational diabetes, oral glucose tolerance test, glucose versus glucose polymer 


The oral glucose tolerance test (GTT) is considered 
to most closely simulate the physiologic events after a 
meal. For this reason, along with its relatively easy ad- 
ministration, the oral GTT is the most commonly used 
test for the diagnosis of gestational diabetes. Historical 
and/or clinical clues had been used as indicators for 
the performance of the oral GTT in pregnancy. How- 
ever, O’Sullivan et al.’ found that most of the conven- 
tional risk factors identified only about 50% of the 
population with gestational diabetes. Historical. clues 
alone are obviously inadequate for conducting glucose 
screening. At present, there is fairly unanimous agree- 
ment that all pregnant patients should undergo a 
1-hour GTT, and for those patients whose 1-hour glu- 
cose value exceeds 140 mg/dl whole blood, a 3-hour 
GTT should be performed. 

Well-known side effects of glucose when used in the 
performance of a GTT include nausea, vomiting, ab- 
dominal bloating, and even headache.’ Patient noncom- 
pliance or vomiting will render the results of these 
blood studies meaningless. Court et al.’ have shown that 
the symptoms of nausea and vomiting after a GIT 
seem to be related to the high osmotic pressure and 
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Table I. Comparison of carbohydrate 
tolerance tests with glucose and 
glucose polymer 





Results of glucose polymer test 








. Negative Positive 
Results of 


glucose test 





Negative 42 87.5 2 4.2 
Positive 2 - 42 le 4.2 


k = 0.45, p < 0.001. 


delayed absorption of glucose. These investigators have 
also demonstrated that a glucose polymer with an os- 
motic load one fifth that of glucose is more readily 
absorbed and is associated with less gastrointestinal 
symptoms. Polycose (Ross Labs, Columbus, Ohio) is a 
commercially available, bland-tasting glucose sacchar- 
ide polymer mixture containing 3% glucose, 7% mal- 
tose, 5% maltotriose, and 85% polysaccharide of 4 to 
15 glucose units. 

We have previously reported a high degree of agree- 
ment between the results of 1-hour carbohydrate tol- 
erance tests using both glucose and glucose polymer 
in the same population of patients and concluded 
that glucose polymer could be effectively used in 
screening for gestational diabetes.” The current study 
was undertaken to determine whether this glucose 
polymer would be similarly effective in the diagnosis 
of gestational diabetes in a 3-hour carbohydrate tol- 
erance test. 
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Table II. Glucose response after fasting and after ingestion of 100 glucose or glucose polymer 





Test Fasting blood glucose 
Glucose 68.8 + 10.4 
Glucose polymer 72.5 + 10.8 
p Value ~ 0.08 


Data are the mean + SD. 


Patients and methods 


Three-hour carbohydrate tolerance tests were per- 
formed in all patients who had abnormal 1-hour GTT 
results. These patients received both glucose and glu- 
cose polymer tolerance tests within 3 to 5 days of 
each other. Patients were maintained on a 300 gm 
carbohydrate-enriched diet for 2 days before their 
study to maximize and standardize the carbohydrate 
tolerance tests.” After an overnight fast, a blood sugar 
sample was drawn, followed by the patient’s ingestion 
of a 100 gm drink of glucose polymer. Blood glucose 
levels were determined hourly for 3 hours by the en- 
zymatic reaction method with the use of glucose oxi- 
dase.? This test was repeated within 5 days with the use 
of the standard glucose drink. Normal values used 
for both tests were. those of the modified criteria of 
O’Sullivan et al.’ 

Considering the results of the tests as categoric vari- 
ables, we used « statistics to determine whether there 
was agreement between the glucose polymer and the 
glucose tolerance tests: These statistics measure the 
amount of agreement between two tests beyond that 
expected by chance alone. The formula is as follows: 
k = P, — P2 / 1 — P., where P, is the proportion of ob- 
served agreement, and P, is the overall proportion of 
agreement expected by chance alone. For example, 
k < 0 indicates less-than-chance agreement; k = 0 in- 
dicates just chance agreement; k > 0 indicates greater- 
than-chance agreement; and k = 1 indicates perfect 
agreement. To test if x was significantly different from 
zero, the Z statistic was used: Z = «/standard error of 
k. The equation is described in full elsewhere.* We also 
used the data as continuous variables and examined the 
correlation coefficients between the two tests. 


` Results 


Forty-eight patients underwent 3-hour carbohydrate 
tolerance tests at a mean gestational age of 30 + 3 
weeks, after 2 days of 300 gm carbohydrate-enriched 
diets. ‘« statistics revealed a moderate level of agreement 
(k = 0.45, p < 0.001) between the results of both car- 
bohydrate tolerance tests (Table I). Analysis of the data 
as continuous variables gave almost identical results, 
with a correlation coefficient of 0.5 and p < 0.001. The 
glucose response curve was similar after glucose of glu- 


Blood glucose after carbohydrate ingestion 


136.8 + 23.3 113.9 :20:5 93.0 + 23.4 
135.1 + 20:8 108.5 + 20.1 95.5 + 22.4 
0.49 0.14 0.41 


cose polymer ingestion (Table II). Patients experienced 
less gastrointestinal symptoms with the glucose polymer 
than with glucose. Questionnaires were incompletely 
filled out, so numeric comparisons of patients’ pref- 
erences were not possible. 


Comment 


It is accepted medical dogma that glucose intolerance 
in pregnancy is associated with greater perinatal risks, 
and that early treatment is accompanied by improved 
perinatal outcome.' The oral GTT is the recommended 
method to assess carbohydrate metabolism during 
pregnancy.’ Nevertheless, the test is often considered 
to be fairly crude due to its poor taste, associated gas- 
trointestinal symptoms, and poor reproducibility of rē- 
sults. The glucose polymer used in this study is reported 
to have an osmotic load one fifth that of glucose** and 
is associated with fewer gastrointestinal symptoms. Glu- 
cose polymer has also been an effective agent for ges- 
tational diabetes screening’ and has greater reprodu- 
cibility of test results than LUOS when used in oral 
carbohydrate tolerance tests. 

The oral GTT is considered to be the closest simu- 
lation of normal carbohydrate metabolism after an in- 
gested mixed meal. Results of this study have shown 
that the use of a glucose polymer as an alternate agent 
for glucose does not compromise the diagnostic accu- 
racy of the 3-hour oral carbohydrate tolerance test, 
notwithstanding the decreased gastro-intestinal symp- 
toms reportedly associated with this agent.” * However, 
it is expected that with a larger sample size a higher 
level of agreement would be observed, as variability is 
in part offset by increased numbers. 
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Blood glucose and oxygen tension levels in 


small-for-gestational-age fetuses 


D. L. Economides, MD, and K. H. Nicolaides, MD 
London, England 


Blood glucose and oxygen tension levels were measured in umbilical venous and arterial samples 
obtained by cordocentesis from 63 small-for-gestational-age fetuses. Reference ranges for these 
parameters were established by measurement of blood glucose (n = 122) and oxygen tension (n = 189) 
levels in appropriate-for-gestational-age fetuses that were undergoing cordocentesis in the prenatal 
diagnosis of congenital abnormalities. The fetuses were subsequently found to be unaffected by the 
condition investigated. In the small-for-gestational-age fetuses, the maternal-to-fetal blood glucose 
concentration gradients for the umbilical vein and artery correlated significantly with the degree of fetal 
hypoxia but not with the degree of fetal smallness. Furthermore, there was no significant difference in the 
relationship of maternal and fetal blood glucose concentration gradient and hypoxia between the umbilical 
venous and arterial samples, which suggests that the major cause of hypoglycemia in 
small-for-gestational-age fetuses is reduced supply rather than increased fetal consumption or decreased 
endogenous production of glucose. (AM J OssteT GYNECOL 1989;160:385-9.) 


Key words: Cordocentesis, fetal blood glucose, fetal blood gases, small-for-gestational-age 


fetuses 


Present knowledge of fetal glucose metabolism is 
mainly derived from animal experiments and studies 
of human beings in labor or at delivery.'® These studies 
have established that the transport of glucose across the 
placenta is by carrier-mediated facilitated diffusion and 
that the glucose uptake into the umbilical vein from 
the placenta is directly related to the maternal glucose 
concentration and to the transplacental glucose gra- 
dient.* 7 However, data derived from animal studies 
may not accurately reflect the undisturbed physiologic 
state of the human fetus because of the large differ- 
ences in metabolism between species and the difficulty 
of eliminating stress in the experimental animal.° Sim- 
ilarly, studies of human beings can be criticized because 
labor is associated with maternal and fetal stress and, 
even during elective cesarean section, maternal fasting 
and episodes of transient hypotension may affect pla- 
cental perfusion and the supply of oxygen and nu- 
trients to the fetus.° 

Cordocentesis has made it possible to investigate the 
metabolism of the human fetus under physiologic con- 
ditions.* This study establishes reference ranges for 
umbilical venous and umbilical arterial blood oxygen 
tension and glucose concentration levels and examines 
the mechanisms of prenatal hypoglycemia in small-for- 
gestational-age (SGA) fetuses. 
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Patients and methods 


Umbilical cord blood was obtained by cordocentesis 
at 20 to 38 (mean = 30) weeks’ gestation from 63 
women referred to our unit for fetal karyotyping and 
blood gas analysis because of ultrasonographic evidence 
of severe fetal growth retardation.’ The fetal abdominal 
circumference was 2 to 6 SD below the normal mean 
for gestation. Furthermore, there was oligohydramnios 
in 33 cases. All the mothers were healthy, and at the 
time of screening results were negative for antinuclear 
factor, toxoplasmosis, rubella, cytomegalovirus, and 
syphilis. Reference ranges for umbilical cord blood 
oxygen tension (n = 189) and glucose concentration 
(n = 122) levels were constructed by analysis of samples 
obtained from appropriate-for-gestational-age (AGA) 
fetuses undergoing prenatal diagnosis at 17 to 38 
weeks’ gestation. These fetuses were subsequently 
found not to be affected by the abnormality investi- 
gated. In both the SGA and AGA fetuses, gestational 
age was calculated by Nagele’s rule and was confirmed 
by an ultrasonographic scan in early pregnancy at the 
referring hospital. 

Cordocentesis was performed as an outpatient pro- 
cedure without maternal fasting or sedation. The um- 
bilical cord vessel sampled was identified ultrasono- 
graphically as either vein or artery by the turbulence 
produced after the injection of 100 to 200 wl of normal 
saline solution.’ The fetal origin of blood was subse- 
quently confirmed by the Kleihauer test. Maternal 
blood was taken from an antecubital vein immediately 
before fetal blood sampling. f 

Fetal blood (100 pl) was collected into heparinized 
syringes and blood gas analysis was performed with a 
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Fig. 1. Reference ranges (mean and 95% confidence intervals) of maternal venous with umbilical 
venous and umbilical arterial blood glucose concentration. Also shown are individual values of group 


of SGA fetuses (@). 


Table I. Umbilical cord blood glucose concentration and oxygen tension with gestation 






Parameter 


Oxygen tension 


(mm Hg) 

Umbilical vein 153 — 7.89 

Umbilical artery 32 oo 4.85 
Blood glucose 

(mmol/L)* 

Umbilical vein 97 3.76 0.76 

Umbilical artery 25 3.38 0.55 | 

Maternal vein 119 4.23 0.77 

Maternal vein— - 9] 0.50 0.34 


umbilical vein 
Maternal—vein 
umbilical artery 


Change with gestation 


67.7 — 1.0 — 0.56 <0.0001 

38.0 =(.37 — 0.40 <0.05 
— — 0.03 NS 
— — — 0.31 NS 
— — 0.14 NS 
— — 0.16 NS 
— — 0.17 NS 


OO 


*] mmol/L = 18 mg/dl. 


Radiometer ABL 30 blood gas analyzer (Copenhagen, 
Denmark). The blood glucose concentration was mea- 
sured by a glucose oxidase analyzer (Yellow Springs In- 
strument Co., Yellow Springs, Ohio), with a sample (25 
wl) collected in a sodium fluoride tube (Vacutainer, 
Rutherford, N.J.). The extrafetal blood taken for this 
study was less than 1% of the fetoplacental blood 
volume.’ l 

Linear régression analysis was used to test whether 
the umbilical venous and umbilical arterial blood oxy- 
gen tension or glucose concentration levels changed 
with gestation. An unpaired ¢ test was used to determine 
significant differences between the umbilical venous or 
umbilical arterial measurements in the SGA and AGA 


fetuses. In the SGA fetuses the degree of smallness and 
hypoxia were defined as the difference in SDs between 
the observed abdominal circumference and oxygen 
tension levels and the normal means for gestation, re- 
spectively. ° 


Results 


The oxygen tension and blood glucose concentration 
levels of the AGA fetuses are shown in Table I. 
The maternal venous glucose level was significantly 
correlated with the umbilical venous (Fig. 1; r = 0.86, 
n = 96, p < 0.0001, constant = 0.35, slope = 0.8) and 
umbilical arterial glucose levels (Fig. 1: r = 0.76, 
n = 25, p< 0.0001, constant = 0.13, slope = 0.8). 
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arterial blood oxygen tension with gestation. Also shown are individual values of group of SGA 


fetuses (@). 
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Fig. 3. Blood glucose concentration (mean + 2 SD) in maternal vein, umbilical vein and umbilical 


artery in AGA and SGA fetuses. 


The maternal blood glucose level was significantly 
higher than the umbilical venous level (¢ = 12.17, 
p < 0.0001), which was higher than the umbilical ar- 
terial glucose level (¢ = 2.39, p < 0.05). 

In the SGA group some fetuses were hypoxic and 
hypoglycemic (Figs. 1 and 2). Furthermore, the mean 
maternal venous, umbilical venous, and umbilical ar- 
terial glucose concentrations were lower than the 
control levels (Fig. 3: ¢ = 2.73, p< 0.001; ¢ = 8.15, 
p < 0.0001; ¢ = 4.69; p< 0.0001, respectively). The 
degree of fetal: smallness was not related to the de- 


gree of fetal hypoxia (r = —0.242, n = 60), mater- 
nal venous glucose concentration (r = —0.11, n = 54), 
maternal venous—umbilical venous (r = —0.08, n = 
42) or maternal venous—umbilical arterial glucose 
concentration levels (r = —0.25, n = 15). However, 
the degree of fetal hypoxia was positively correlated 
with the maternal venous—fetal venous glucose con- 
centration gradient (Fig. 4; r = 0.583, n = 44, p< 
0.0001, constant = 0.603, slope = 0.4) and the ma- 
ternal venous—fetal arterial glucose concentration 
gradient (r = 0.828, n = 14, p< 0.001, constant = 
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Fig. 4. Relationship of degree of hypoxia (number of SDs by 
which observed value differed from normal mean for gesta- 
tion) and maternal-to-fetal blood glucose concentration gra- 
dient ( - - - - , umbilical artery, ——, umbilical vein) in SGA 
fetuses. l 


0.64, slope = 0.4) but not with the maternal venous 
glucose concentration (r = 0.22, n = 59). Both the de- 
gree of fetal hypoxia and the maternal-fetal glucose 
concentration gradient were higher in pregnancies 
with oligohydramnios (¢ = 2.98, p < 0.01 and ż = 2.90, 
p < 0.01, respectively). 


Comment 


In a normal pregnancy the umbilical venous and um- 
bilical arterial oxygen tension levels decrease with ges- 
tation, and the decrease in the umbilical vein is steeper. 
Because the uteroplacental blood flow (milliliter per 
kilogram per minute) does not change with advancing 
gestation, it has been suggested that the decrease in 
fetal oxygen tension is likely to be a result of increasing 
placental oxygen consumption rather than fetal oxygen 
consumption."® 
_ The mean umbilical venous blood glucose concen- 
tration was higher than that of the umbilical artery 
which indicates there is fetal glucose uptake from the 
placenta. Similarly, the maternal glucose concentration 
was higher than that of the fetus and the levels in the 
two compartments were significantly correlated, which 
confirms that the major source of fetal glucose is the 
mother. In experimental animals, glucose uptake into 
the umbilical vein from the placenta is directly related 
to the maternal arterial blood glucose concentration 
and to the transplacental gradient." 

Some SGA neonates are at increased risk of hypo- 
glycemia, and it has been suggested that the causes are 
depletion of liver glycogen stores and impaired hepatic 
gluconeogenesis.'" '? However, hypoglycemia also has 
been demonstrated in intrauterine life, both in exper- 
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imental animals and in SGA human fetuses.'* The 
degree of fetal smallness did not correlate with either 
the maternal-fetal glucose concentration gradient or 
the degree of fetal hypoxia. These observations suggest 
that uteroplacental perfusion and fetal nutrition are 
not the only determinants of fetal size. Because chro- 
mosomal and structural abnormalities were excluded, 
the fetuses examined were either constitutionally small 
as a result of racial or familial differences or growth- 
retarded as a result of varying degrees of uteroplacental 
insufficiency. In the presence of oligohydramnios the 
fetuses were more hypoxic and hypoglycemic which 
indicates that in these pregnancies the degree of utero- 
placental insufficiency was greater. 

Possible causes for fetal hypoglycemia are decreased 
fetal gluconeogenesis, increased fetal glucose con- 
sumption, or inadequate maternal supply of glucose to 
the fetoplacental unit, because of either decreased ma- 
ternal glucose concentration or impaired placental per- 
fusion. The maternal blood glucose levels in the SGA 
group were significantly lower than the control levels. 
This is thought to be a result of relative hyperinsuli- 
nemia because of decreased placental production of 
diabetogenic hormones.’ However, the observed de- 
crease in maternal glucose levels is too small to account 
for the severity of fetal hypoglycemia (Fig. 3). 

In the SGA fetuses, the degree of hypoxia correlated 
with the maternal-fetal glucose gradient in both the 
umbilical vein and the umbilical artery. The two lines 
that represent the correlation of the degree of hypoxia 
with the maternal-fetal glucose concentration gradient 
in the umbilical artery and vein are parallel (Fig. 4). 
Therefore, the major cause of fetal hypoglycemia is 
unlikely to be either decreased endogenous production 
or increased consumption of glucose. In sheep, restric- 
tion of placental growth by removal of endometrial 
caruncles produces growth-retarded fetuses that are 
also hypoxic and hypoglycemic.’* However, hypogly- 
cemia is not due to increased glucose consumption as 
a result of hypoxia, because in experimental fetal 
growth retardation produced by prolonged maternal 
hypobaric hypoxia the fetuses are hypoxic but not hy- 
poglycemic.'® Placental transfer of glucose does not re- 
quire oxygen. Furthermore, placental glucose con- 
sumption in experimental growth retardation is not 
increased.'* Therefore it is likely that the major cause 
of hypoglycemia in SGA fetuses is reduced glucose sup- 
ply from the mother. It is also likely that the maternal- 
to-fetal glucose gradient is a measure of impaired pla- 
cental perfusion. 
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Animal model for polyhydramnios 


Debra F. Anderson, PhD, and J. Job Faber, MD, PhD 
Portland, Oregon 


Chronic intravenous infusion of angiotensin | [182 wg/(kg « day)] into fetal lambs caused gross 
polyhycramnios. Infusions of comparable volumes of vehicle or lower concentrations of angiotensin | [48 
.g/(kg : day)] did not cause gross polyhydramnios. (Am J OssteT GYNECOL 1989;160:389-90.) 


Key words: Polyhydramnios, angiotensin 


Two processes satisfy the fetal need for water: the 
transfer of water from mother to conceptus and the 
partitioning of conceptual water between fetal and ex- 
trafetal fluids. Failure of these mechanisms results in 
fetal water diseases such as oligohydramnios, polyhy- 
dramrios, and hydrops fetalis. Whereas these diseases 
are often associated with a defect in fetal development, 
expernnental reproduction of the defect often will not 
duplicate the disorder; thus the study of these diseases 
is difficult.' 
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Material and methods 


Surgical and experimental protocols were approved 
by the Institutional Animal Care and Use Committee 
and conform to National Institutes of Health guide- 
lines. Surgery was performed on fetal lambs estimated 
to be 110 days’ gestational age by x-ray film. Anesthesia 
was induced and maintained in both the ewe and fetus 
using halothane and nitrous oxide in oxygen. Catheters 
were placed in a fetal femoral artery and vein and at- 
tached to the flank of the fetus to measure intrauterine 
fluid pressure. One million units of penicillin was in- 
jected into the amniotic fluid. 

After 5.3 + 0.6 (mean + SEM) days of recovery, 
control measurements of arterial blood pressure and 
blood gases, pH, and hematocrit were made, and an 
intravenous infusion of angiotensin I (dissolved in wa- 
ter) was begun in the fetus. The rate of infusion was 
increased by 5% per day in anticipation of fetal growth 
and maintained for 7 to 20 days. Control measurements 
were repeated, and the fetus was killed. 
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Necropsies confirmed catheter placement. The fetal 
carcass was weighed and homogenized, and aliquots of 
the homagenate were dried to constant weight for de- 
termination of wet-to-dry weight ratio. 

Data are-mean + SEM for nine fetuses. Statistical 
comparisons were performed with factorial analysis of 
variance and linear regression analysis. 


Results 


.. Three fetuses ean vehicle alone igi 11.0 + 0.6 
days, three fetuses received 48 + 7 we/(kg - day) of 
angiotensin I for 15.7 + 4.3. days, and three fetuses 
received 182 + 27 pg; (kg: day) for 12.3 + 1.8 days. 


The average water volume received was 29.1 ml/day. 


(range, 12.5 to 61. 5 ml/day), The slow rate of infusion 
of water did not cause hemolysis. The absence of salts 
should have promoted the osmotic removal of infused 
water by way of. the placenta. | 

After infusion, arterial blood gas values for all fe- 
tuses changed from control values: pH, 7.36 + 0.01 
to 7.36 + 0.01 (NS); Pco., 48.3 + 1.0 to 50.7 + 1.4 
mm Hg (NS); Po,, 17.4 + 0.5 to 14.8 + 0.9 mm Hg 
(p < 0.05); hematocrit, 34% + 1% to 40% + 3% (NS). 
There were no differences among the three groups of 
fetuses either in the control period or after infusion. 

Control arterial blood pressure for all fetuses was 
42 + 2 mm Hg with no significant differences among 
groups. Arterial blood pressure showed an increase 
(ABP) that was significantly related to the rate of an- 
giotensin I infusion (Iq) (ABP = 0.1014; In — 1.93; 
r = 0.70, p < 0.05). There was no relationship between 
fetal wet-to-dry weight ratio and angiotensin I KENN 
rate. 

Three fetuses showed gross polyhydramnios. In one, 
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we collected >3.5 L of amniotic or allantoic fluid, and 
in another we collected >7 L. Fluid was not collected 
in a third fetus because the large volume came as a 
surprise. These fetuses received the highest rate of in- 
fusion of angiotensin I, and the volumes were too great 
to be explained on the basis of the fluid volumes ïn- 
fused. Neither the three fetuses receiving vehicle alone 
nor the three fetuses receiving the lower dose of an- 
giotensin I showed any abnormalities in amniotic or 
allantoic fluid volumes, even though they received com- 
parable volumes of infused fluids. Polyhydramnios and 
hydroallantois are seen only rarely in sheep. However, 
even if a 33% incidence of polyhydramnios is assumed 
to be average, by direct calculation the probability of 
the, three fetuses that received the highest doses all 
being affected and none of the other six being affected 
is unlikely, and must be rejected (p < 0.004). 


Comment 


To our knowledge, this is the first description of an 
animal model for polyhydramnios. Whereas the mech- 
anism for the creation of the polyhydramnios is unclear, 
it is apparent that the presence of angiotensin I in the 
infusate is responsible for the development of poly- 
hydramnios. The data do not show how quickly the 
excess accumulation occurred; 1 week may be suffi- 
cient, as was demonstrated by the fetus in which 7 L 
of fluid was collected after only 7 days of angiotensin 
I ston | 
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A prospective New Zealand study of fertility after removal of 


copper intrauterine contraceptive devices for conception and 


because of complications: A four-year study 


Jennifer C. Wilson, MB 
Auckland, New Zealand 


A prospective New Zealand study was started in 1982 to determina fertility rates and pregnancy outcomes 
after removal of copper intrauterine contraceptive devices to allow conception or because of complications. 
In a combined 4-year study, there were 887 removals to allow conception and 164 due to complications. 
Participants were 375 (35.7%) nulligravid and 676 (64.3%) gravid: women. Within 48 months, 91.5% of the 
nulligravid and 95.7% of the gravid women had conceived A 2- -year combined study, with regard to longer 
use of intrauterine contraceptive devices (>2 years), did not show any significant reduction in fertility or 
increase in ectopic gestation within 24 months. However, in gravid women of similar age distribution, there 
was a significant increase in the miscarriage rate, compared with i use of intrauterine contraceptive devices 
for <2 years or compared with nulligravid women. In a 1-year stucy, removals because of complications 
did not cause a significant reduction in fertility or an increase in ectopic gestation, miscarriage, or preterm 
delivery rates within 12 months, compared with removals to allow eongepien, (Am J OBSTET GYNECOL 


1989;160:391-6.) 


Key words: Fertility, IUDs, conception, complications, New Zealand 


In 1982, there were few prospective studies of fer- 
tility and pregnancy outcome after use of intrauterine 
contraceptive devices (IUDs).""? Nor was there any sub- 
stantial report pertinent to fertility after removal of 
IUDs because of complications (pain, bleeding, pelvic 
inflammatory disease, expulsion, vaginal discharge, 
other medical reasons, personal reasons, or investiga- 
tor’s choice) or comparison between nulligravid and 
gravid women. The risk of pelvic inflammatory disease 
and its subsequent effect on fertility was reported to 
be seven times higher in nulligravid than in gravid IUD 
users.” Westrom‘ reported in 1975 that in 12.8% of the 
women who had had one attack of pelvic inflammatory 
disease, the tubal damage was such that it made preg- 
nancy impossible. Women who had IUDs removed be- 
cause of pain, bleeding, or vaginal discharge may have 
had subclinical pelvic inflammatory disease and sub- 
sequent infertility.’ : 

In New Zealand there was a marked demand for the 
IUD by nulligravid women, but there were no local 
studies of the effects of IUD use on their fertility. The 
incidence of pelvic inflammatory disease is correlated 
strongly with the prevalence of sexually transmitted 
disease." The incidence of sexually wansmitied disease 
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in New Zealand could not be assumed to be the same 
as in Scandinavia, where Westrom carried out his re- 
search. It was considered vital to carry out prospective 
research in New Zealand to ascertain fertility and preg- 
nancy outcome rates, and rates of ectopic gestation, 
miscarriage, induced abortion, and preterm (<37 
weeks’ gestation) and term births for nulligravid and 
gravid women after removal of IUDs to sg con- 
ception or because of complications. 

It has been contended that there is an increase in 
infertility and a higher rate of ectopic pregnancy after 
prolonged IUD use.’ Levin et al., in 1984, found an 
increase in the miscarriage rate. Therefore a compar- 
ative analysis was made of fertility and pregnancy out- 
come rates after IUD use for < 24 months or 224 
months. 


Material and methods 


All physicians who inserted IUDs into women 
throughout New Zealand were asked to participate in 
the study, which commenced in March 1982. Women 
who had copper IUDs removed either to permit con- 
ception or because of complications were studied: After 
an interval, women who had IUDs removed because of 
complications were asked whether they had tried to 
conceive. At removal an inquiry form that noted pa- 


tient’s date of birth, race, marital status, previous ob- 


stetric history, date of IUD insertion, type of IUD re- 
moved, menstrual cycle, and last menstrual period be- 
fore removal was filled in by the attending physicians. 
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24 


30 36 42 48 months 


Fig. 1. Cumulative net rates of conception for combined study at 48 months. There wzre 1051 
women, including 164 (15.6%) with removals because of complications; 375 (25.7%) nulligravid, 611 
(58%) parous, and 65 (6.2%) gravid only. x’ for curve is 4.39. Difference is not statistically significant. 


In removals because of complications, the reason for 
removal and any subsequent contraceptive methods 
also were noted. The form was mailed immediately to 
the principal investigator for computer entry. Inquiry 
forms received >2 weeks after the IUD was removed 
were discarded to avoid retrospective entry into the 
study. All data received within the time limit were 
entered. 

Patients were followed up at six monthly intervals. 
Details of the last menstrual period were noted on the 
follow-up form. After conception the outcome was de- 
termined (i.e., whether the pregnancy was miscarried, 
terminated by induced abortion, or ectopic or delivery 
was preterm or term). 

Of those who failed to conceive and whose fertility 
was subsequently investigated, the attending physician 
classified the cause as to whether failure to conceive 
was due to blocked fallopian tubes, oligospermia, ovu- 
latory failure, endometriosis, a combination of these 
factors, or unknown factors. 

“Nulligravid” was defined as never pregnant; “gravid 
only” was defined as a pregnancy that ended in induced 
abortion, miscarriage, or ectopic gestation; “parous” 
was defined as a pregnancy past 28 weeks’ gestation. 
“Gravid” included both gravid only and parous women. 


Participants were released from follow-up on the 
date they decided that conception was no longer de- 
sired. Lost-to-follow-up data were cut off at the last 
contact. 

Analysis was by a computer program for log-rank 
life-table analysis, which is based on a daily life table, 
as described by Azen et al.? Net cumulative fertility rates 
(net rates) were determined. Gross percentage calcu- 
lations were used to calculate pregnancy outcome rates. 
A standard ¢ test was used to obtain p values. Significant 
results were reported when p < 0.05. Data were ana- 
lyzed and life-table rates were calculated for each 
month when 10 or more women were still trying to 
conceive. 


Results 


There were 178 physicians, including those at the 
major. Family Planning Clinics, who contributed to the 
study. Of the physicians who insert IUDs in New Zea- . 
land, 84% participated and one physician refused. 
There was 100% enrollment in the study apart from 
data received after the time limit Tor entry. There were 
no exclusions; hence there was no enrollment bias. The 
sample was not significantly different from the sample 
of women enrolled in a random:zed trial of IUD use 


Volume 160 
Number 2? 


Fertility after removal of copper IUDs 393 


Table I. Fertility outcome rates of removals to allow conception and removals because of complications 


after 4 years 


Total Nulligravid 
(%, mean + SE) (%, mean + SE) (%, mean + SE) 


Ectopic 0.5 + 0.4 
Miscarriage 11.6 + 1.9 
Induced abortion 2.7 + 1.0 
Preterm birth 20+ 0.9 
Term birth 83.2 +23 


GO — 

Ore Lh SO 
D> wo & bo 
It It H [+ [+ 
OF r= nou © 
Come EE 


Gravid Significance 


between groups 


+ 0.6 NS 
2 +25 NS 
6+ 1.0 p < 0.05 
l 1.1 NS 
2° 2:8 NS 





in New Zealand with regard to race and marital status 
(Wilson J. Unpublished data). 

Types of IUDs removed were as follows: copper 7 
200 (G.D. Searle, High Wycombe, Buckinghamshire, 
England), 18.8%; multiload copper IUDs (Multilan 
S.A., Fribourg, Switzerland), 71.2%; copper T (Leiras, 
Finland, on behalf of Schering A.G., Berlin, West Ger- 
many), 4.2%; and Nova-T (Leiras, Finland, on behelf 
of Schering A.G., Berlin, West Germany), 5.8%. 

Racial breakdown was white, 96.1%; Chinese and In- 
dian, 0.5%; Pacific Islander, 1.3%; and Maori, 2.1%. 

Data with regard to removals were entered until May 
1, 1983, with continuing observation until the cut-off 
date of May 1, 1987. Analysis was performed Sept. 8, 
1987. 

Fertility rates for the combined study are shown in 
Fig. 1. The infertility point (after which no further 
conceptions occurred) was 36 months for gravid wom- 
en and 42 months for nulligravid women. There were 
331 nulligravid and 618 gravid women who had con- 
ceived within 4 years. There were 24 lost to follow-up, 
34 released from follow-up, and two women who re- 
fused follow-up. Pregnancy outcome rates are shown 
in Table I. Fourteen women had not been delivered of 
infants at the time of analysis. 

In the 4-year study, the 164 women who had re- 
movals because of complications were analyzed to 89 
months after the removals. At 36 months, 92.4% hzd 
conceived, compared with 94.2% of the women who 
had removals to allow conception. The ectopic preg- 
nancy rate was 0.7%, compared with 0.5% of the 
women with removals for conception. These differ- 
ences were not significant. Analysis of failure to con- 
ceive between women who had removals to allow con- 
ception and those who had removals because of com- 
plications is shown in Table II. Comparative data are 
shown in Table III of the fertility rates and pregnancy 
outcomes after 12 months of observation of women 
who had removals due to complications and those who 
had removals for conception. 

Because of insufficient data, it was impossible to ana- 
lyze separate complicated removal categories in the 4- 
year study; therefore these were analyzed after subjects 
were in the study for ] year. There were 78 removals 
because of pain and bleeding (83.6% conceived within 


Table II. Analysis of causes of infertility 
between removals to allow conception and 
removals because of complications at 

36 months 





Removals 









Conception Complications 






Failure to conceive 31 12 

Fully investigated 2] 68 6 50 
Ovulatory failure 8 38 0 0 
Low sperm count 6 29 2 33 
Blocked fallopian tubes 4 19 2 33 
One tube patent l 5 0 0 
Endometriosis 3 14 0 0 
No cause found 8 38 2 33 





Differences not significant. 


9 months; induced abortion rate, 7.8%); bleeding, 46 
(75.1% conceived within 9 months; induced abortion 
rate, 9.1%); pain, 43 (71.8% conceived within 9 months; 
induced abortion rate, 15.6%); pelvic inflammatory dis- 
ease, 37 (61.2% conceived within 3 months; induced 
abortion rate, 21.7%); vaginal discharge, 22 (44.1% 
conceived within 3 months; induced abortion rate, 
9.1%), and 27 personal removals, (47.3% conceived 
within 1 month; induced abortion rate, 28.6%). There 
were no significant differences in the conception or 
induced abortion rates between categories. 

Expulsion category data were too small for l-year 
analysis. There were 24 removals (43.6% conceived 
within 1 month; induced abortion rate, 16.7%). Remov- 
als on the basis of investigators’ choice (16) and other 
medical removals (2) also were too small for analysis. 

Data were analyzed after 24 months of observation 
so that sufficient data could be obtained to compare 
conception rates among women who used IUDs for less 
than, more than, or equal to 2 years. Results are shown 
in Table IV. 

At the time of IUD removal, 33.6% of the partici- 
pants were aged <25 years, 43% were 25 to 29 years, 
and 23.4% were >29 years. A comparison was made 
of conception and pregnancy outcome rates among 
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= Table III. Comparison of net cumulative conception and gross pregnancy outcome rates after 1 year 
between removals because of complications and removals to allow conception in women under observation 
12 months 






Total in study 1254 
Conceived 1041 
Pregnancy outcome 

Ectopic 

Miscarriage l 
Induced abortion 
Preterm 

Term birth 


nS SS 
GO N © œ Go 
I+ I+ I+ HH I+ 
Ne SS 
Cw MAT 


QO 





Significance 
between 






295 
249 82.8 + 4.3 NS 
0.4 + 0.7 NS 
11.3 + 3.6 NS 
10.9 + 3.6 p < 0.001 
1.7 + 1.4 NS 
75.7 + 4.9 p < 0.001 





Table IV. Comparative net cumulative conception and gross pregnancy outcome rates for all women 
including removals because of complications under observation for 24 months, with length of use of an 


IUD less than, greater than, or equal to 24 months 





Conceived 


<24 mo 190 

=24 mo - 214 
Pregnancy outcome l 

<24 mo l l. 

>24 mo l 
Miscarriage 

<24 mo 

=24 mo 
Induced abortion 

<24 mo 482 

>24 mo 2.9 + 
Preterm birth 

<24 mo Lf + 1.3” 

>24 mo + 
Term birth 

<24 mo 84.0 + 4.8 

>24 mo 82.5 + 4.7 


%, Mean + SE 






Significance 
between 
groups 


%, Mean + SE 


562 63.6 + 1.9 p < 0.005 
276 G0.5 + 3.3 NS 
0.7 + 0.7 NS 
0.7 + 0.7 NS 
10.4 + 2.4* NS 
15.3 + 4.0% p < 0.05 
641.0 p< 0.02 
96 + 1.8 NS 
99 +1.) NS 
26+ 1.8 NS 
&5.1 + 2.8% NS 
78.7 + 4.6* NS 





Net rates for conception and gross rates for pregnancy outcomes. Total numbers in study were 225 nulligravid (24 months) 
and 225 nulligravid (=24 months), 630 gravid (<24 months), and 310 gravid (=24 months). 


*These differences are significant for use <24 and >24 months, p < 0.05. 


these groups. Conception and ectopic rates were 94.0% 
and 0.3% in women <25 years old, 95.5% and 0.7% in 
women 25 to 29 years old, and 92.3% and 0.5% in 
women >29 years old, respectively. There were no sig- 
nificant differences. The mean age was 26.7 years. 
Gravid and nulligravid women were of a similar age 
distribution. Mean ages were 27.3 years for gravid 
women and 25.5 years for nulligravid women. 


Comment 


Because data entered into the study were supplied 
by 178 operators of varied socioeconomic groups from 
different geographic areas throughout New Zealand 
and all data received within the time limit were entered 
into the study, I avoided the possibility of selection bias. 


The data from this study have added evidence that 
fertility subsequent to [UD removal to allow a planned 
pregnancy is not impaired.'* '' This study included re- 
movals because of complications, and there was no sig- 
nificant difference in the return of fertility between this 
group and removals for conception, as found by Vessey 
et al.!? In the report of Vessey et al.' women with ovarian 
or uterine tumors, pelvic inflammatory disease, amen- 
orrhea, or oligomenorrhea were excluded, as were nul- 
ligravid women with a history of miscarriage or induced 
abortion. Hence it was not a fully representative sam- 
ple. There were no such exclusions in this comprehen- 
sive study. Within 42 months, 94.2% of all women in 
the study had conceived; 91.5% were nulligravid 
and 95.7% were gravid. The majority of conceptions 
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(61.1%) occurred during the first 3 months. Similar 
results were reported by Randic et al., who found that 
94.3% conceived within 65 months and 55.9% con- 
ceived within 3 months of IUD removal. 

In this study the majority of the women who had 
IUDs removed because of complications were nulli- 
gravid. Despite this there was no significant difference 
between the net cumulative pregnancy rates for this 
group, compared with women who had removals to 
allow conception. 

Population Reports“ stated it was not clear whether 
duration of IUD use affected the time taken to con- 
ceive. Pyorala et al. analyzed the return to fertility 
after use for <2 years and for =2 years and found 
duration of use had no significant effect on the return 
of fertility. This study has confirmed their findings. 

Users of IUDs are believed to be at greater risk of 
pelvic inflammatory disease, which is a risk factor for 
ectopic pregnancy.” '*'” In this study, at 4 years the 
ectopic pregnancy rate was 0.5%, the same as that re- 
ported in nonusers."® 

It kas been debated whether prolonged use of IUDs 
leads to an increased incidence of ectopic pregnancy. 
In this study when ectopic pregnancy rates with use <2 
years and 22 years were compared, there was no sig- 
nificant increase with longer use. There were no sig- 
nificant differences between nulligravid and gravid 
women. This study supported the review of Edelman 
et al..!° which showed that former IUD users do not 
have an increased risk of ectopic pregnancy and that 
there was no relationship between ectopic pregnancy 
and increased length of IUD use. 

The miscarriage rate for the combined study at 4 
years was 11.6%, lower than the expected 15% yearly 
rate in New Zealand.” Levin et al.,* in a case-controlled 
study, found that prolonged use was accompanied by 
a modest significant increase in the miscarriage rate. 
They suggested that IUDs were effective because they 
created a uterine environment hostile to blastocyst im- 
plantation and growth and stated that further long- 
term studies of the relationship between discontinued 
IUD use and pregnancy loss were warranted. In an- 
other study, Kaufman et al.” found that former users 
had a threefold greater risk of miscarriage. 

When data in the current study were analyzed for 
use <2 years or =2 years, there was no significant dif- 
ference for nulligravid women, but there was a signif- 
icant increase in miscarriage rates for gravid women at 
24 months. This rate was not higher than the expected 
rate in New Zealand. Westrom* expected nulligravid 


women to have a higher incidence of pelvic inflam- - 


matory disease and hence a higher incidence of mis- 
carriage. This was not found. 

The preterm birth rate was not significantly different 
in nulligravid or gravid women and was lower than the 
expected rate of 5.28%% for New Zealand after 1 year. 
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Nulligravid women did have a significant increase in 
the rate of preterm births with use of an IUD >24 


‘months. This finding is unexplained. It remains to be 


seen whether this trend can be confirmed in a larger 
study. 

An important finding of this study was a high 
induced-abortion rate after IUDs were removed be- 
cause of complications. In New Zealand, after the re- 
cent A. H. Robins (Richmond, Va.) recall of the Dalkon 
Shield and the resultant publicity, there was an active 
campaign to discredit IUDs and there were more per- 
sonal removals that preceded a high induced-abortion 
rate. Women either did not use contraceptive methods 
or they used methods with a higher failure rate, such 
as rhythm or barrier. Slight increases in pain, bleeding, 
or vaginal discharge may have been tolerated in the 
past, but since the publicity women who feared long- 
term fertility damage have had IUDs removed. When 
the change was made to another method, such as oral 
contraceptives, accidental pregnancies were a result of 
physician or patient carelessness. IUDs were removed 
on the slightest suspicion of pelvic inflammatory dis- 
ease. When this was definitely diagnosed, some women 
assumed they were infertile and used no method of 
contraception. 

In the combined study, 16% of women had removals 
because of complications. This rate was similar to that 
for IUD use in general, as reported by Wilson” in 1982. 
Hence this study has shown that a favorable return to 
fertility and a favorable pregnancy outcome can be ex- 
pected after IUD use. 

This study should help to reassure past, present, and 
prospective users of copper IUDs about their future 
fertility. 
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Oral contraceptive use and the risk of chlamydial and 


gonococcal infections 


William C. Louv, PhD, Harland Austin, DSc, Jeffrey Perlman, MD,” and 
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Oral contraceptive users were compared with nonusers with respect to the rate of cervical infections by 
Chlamydia trachomatis and Neisseria gonorrhoeae. The comparison was adjusted for differences in 
demographic and behavioral characteristics between the two groups. The rates of infection among oral 
contraceptive users were increased by approximately 70% (statistically significant) for both pathogens. 
Cervical ectopy was implicated in the increased rate of chlamydia but not gonorrhea. Rates of gonorrheal 
infection differed significantly among oral contraceptive formulations; rates were higher for formulations 
containing more androgenic progestins. (AM J OBSTET GYNECOL 1989;160:396-402.) 


Key words: Oral contraceptives, sexually transmitted diseases, cervical ectopy 


Chlamydia trachomatis and Neisseria gonorrhoeae infec- 
tions are the most common sexually transmitted dis- 
eases in the United States."* Both infections can lead 
to serious complications such as pelvic inflammatory 
disease and infertility. Several studies have reported 
increased rates of infection by C. trachomatis among 
users of oral contraceptives.’ Since approximately 10% 
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of women in the United States between 15 and 44 years 
of age use oral contraceptives,’ the role of oral contra- 
ceptive use on the risk of chlamyd-a and other sexually 
transmitted diseases is an important public health issue. 

This study evaluates the relaticn between oral con- 
traceptive use and the rates of chlamydial and gono- 
coccal infections while controlling for potentially con- 
founding variables, such as sexual behavior. The role 
of cervical ectopy is also examined. Finally, the rates of 
these infections are estimated according to the hor- 
monal constituents of the oral contraceptive formu- 
lations. 


Methods l 

The data were obtained in a randomized clinical trial 
of nonoxynol 9 as a prophylaxis against gonococcal and 
chlamydial infections.* Study participants were re- 
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cruited from the sexually transmitted disease clinic of 
the Jefferson County Department of Health, Birming- 

ham, Alabama, from April 1984 through January 1986. 

Women between 19 and 29 years of age who were not 
pregnant and were using and planned to continue us- 
ing contraception (oral contraceptives, intrauterine 
contraceptive device, or a previous tubal ligation) for 
at least 6 months were eligible for inclusion in the trial. 

Informed consent was obtained from all subjects. 
Guidelines for human experimentation of the U.S. De- 
partment of Health and Human Services and the Uni- 
versity of Alabama at Birmingham were followed. 

At the initial visit a complete pelvic examination was 
done and endocervical specimens for N. gonorrhoeae 
and C. trachomatis cultures were obtained. A subject with 
a positive culture received appropriate treatment and 
was not enrolled in the trial until it was verified by 
additional cultures that she was free of both infections. 

Subjects were scheduled for monthly follow-up visits 
during a 6-month observation period. At each follow- 
up visit subjects received a pelvic examination and cul- 
tures for N. gonorrhoeae and C. trachomatis were done. 
If a subject had a sexually transmitted disease, the ap- 
propriate treatment was provided and the subject 
was suspended from the trial until treatment success 
was confirmed by culture. Subjects taking antibiotics 
or using intravaginal antibacterial-antifungal prepa- 
rations also were suspended temporarily from the trial. 
Throughout the trial subjects recorded details of their 
sexual activity in a daily diary, and this information was 
abstracted at each follow-up visit. 

Subjects were examined by a clinical nurse practitio- 
ner. The nurse palpated for enlarged lymph nodes, 
looked for skin lesions, inspected the perineal area, and 
performed a vaginal spéculum examination and a bi- 
manual pelvic examination. The nurse noted the pres- 
ence or absence of cervical ectopy, defined as any visible 
outgrowth of endometrial tissue from the cervical os. 
Endocervical secretions were plated directly on modi- 
fed Thayer-Martin agar and cultured for N. gonor- 
rhoeae as described below. A second cotton-tipped swab 
was inserted in the cervical os and gently agitated for 
approximately 10 seconds. This swab was then removed 
and inserted into a 4 to 5 ml aliquot of chlamydial 
transport media. The swab was agitated in a Vortex 
mixer for 10 seconds after placement in the clamydial 
transport media. The inoculated chlamydial transport 
media was kept at 36° to 40° F until delivery to the 
laboratory, which was within 16 hours of collection. 
Chlamydial culture procedures are described below. 

Culture for N. gonorrhoeae. Endocervical secretions 
were inoculated on modified Thayer-Martin agar me- 
dia, placed in a sealed plastic bag with a car bon 
dioxide—generating tablet, and incubated overnight at 
37° C. After 12 hours of incubation cultures were trans- 
ported to a central laboratory, removed from the plastic 
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Table I. Median values of selected 
characteristics according to oral 
contraceptive use 










Oral 
contraceptive use 





Characteristic 





Frequency of coitus per month 5.9 7.0 
No. of partners per month 1.1 1:2 
Age (yr) 22 26 
No. of previous live births ] 2 





bag, and incubated for an additional 24 to 48 hours in 
a candle extinction jar at 37° C. Culture plates were 
then examined visually for the presence of colonies 
of N. gonorrhoeae, which were confirmed with Gram 
stain or Oxidase reagent droppers (Marion Scientific, 
Kansas City, Mo.). Colonies were subcultured on choc- 
olate agar and incubated (in a candle extinction jar at 
37° C) for 24 hours, after which N. gonorrhoeae was 
confirmed biochemically with the Rapid NH system (In- 
novative Diagnostic Systems, Inc., Decatur, Ga.). 

Culture for C. trachomatis. In the laboratory speci- 
mens for chlamydial culture were inoculated onto 
cycloheximide-treated McCoy cell monolayers in 96- 
well microtiter plates as previously described. To each 
well 0.1 ml of diethylaminoethyl-dextran (dextran 30 
pg/ ml, 0.85% saline solution) was added. The plate was 
incubated at room temperature for 30 to 45 minutes. 
Then dextran was aspirated from all wells, and 0.10 
mil of each specimen was placed in each of three wells. 
The microtiter plate was covered and centrifuged at 
2000 rpm for 1 hour. After centrifugation, all fluid was 
aspirated from each well. To each well 0.1 ml of cla- 
mydial growth medium with cycloheximide (1 g/ml) 
was added and then incubated in 5% carbon dioxide 
at 37° C for 48 to 72 hours. 

Incubation cultures’ were stained with fluorescein- 
labeled monoclonal antibody. First the media were as- 
pirated from each well without allowing the cells to dry. 
The cells then were fixed by adding 50 pl of 95% eth- 
anol to each well for 10 minutes at room temperature. 
The ethanol was removed by aspirating the plate, and 
the wells were rinsed with 200 wl of distilled water. 
After the distilled water was removed by aspirating, 
each well was inoculated with 30 wl of Microtrak Cul- 
ture Confirmation reagent (Syva Co., Palo Alto) and 
incubated for 30 minutes at 37° C in a moist chamber. 
After incubation, antibody was aspirated from the wells 
and each well was rinsed by’adding 50 ul of distilled 
water, which was removed by aspirating. The cultures 
were read by examining the plate at x 100 magnifica- 
tion with a Leitz inverted fluorescence microscope. In- 
dividual specimen cultures were read as positive if at 
least one morphologically typical inclusion body ‘was 
observed in any of the three inoculated wells. 
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Table II. Rates of chlamydial infection according to oral contraceptive use and number of infections 





Infection No. 
1 156 ` 1789 8.7 28 
2 27 302 9.0 . 3 
Summary 183 2091 8.8 3] 


Oral contraceptive users - Oral contraceptive nonusers 
Person Incidence Person Incidence Relative 
Events months rate* Events months . rate* ratet 






95% Confidence 


rimits? pt 





654 4.3 1.31 ” 1.11-2.94 0.017 
42 7.1 1.93 0.29-3.62 0.97 
696 4.5 1.73 1.08-2.77 0.022 





*Number of infections per 100 women per month. 


łFrom a proportional hazards model; adjusted for frequency of coitus, number of partners, age, number of pregnancies, and 


number of live births. 


Table III. Rates of gonococcal infection according to oral contraceptive use and number of infections 






Person 
Events months 


Incidence. 
Infection No. rate* 
l 90: 1903 4,7 29 
2 25 142 17.6 3 
3 7 26 26.8 l 
Summary 122 2071 5.9 33 


Oral contraceptive users Oral contraceptive nonusers 
-Person 
Events months 







95% Confidence 


limits? pi 


Incidence Relative 
rate* raiet 
4.5 


647 142 ° - 0.85-2.36 0.18 
50 6.0 4.53 1.28-15.96 0.019 
4 93.1 9.18 0.25-19.30 0.48 
701 4.7 1.70 1.05-2.76 0.032 





*Number of infections per 100 women per month. 


+From a proportional hazards model; adjusted for frequency of coitus, number of partners, age, number of pregnancies, and 


number. of live births. : 


Statistical procedures. The Cox proportional haz- 
ards model was used to estimate relative rates (hazards) 
of infection for oral contraceptive users compared with 
nonusers while adjusting for potentially confounding 
variables.” The generalized model of Prentice et al.* was 
used to incorporate repeat infections in the same sub- 
ject. Strata were defined that correspond to the number 
of previous gonorrheal or chlamydial infections ex- 
perienced by subjects, and the rate of infection among 
oral contraceptive users was compared with the rate 
among nonusers for subjects with the same number of 
previous infections. The homogeneity. of the relative 
rates across ‘strata was evaluated by likelihood ratio test 
statistics. Comparisons of several distributions for var- 
ious stratifications of the data indicated no significant 
departure from the proportional hazards assumption. 

The effect of oral contraceptive use on the preva- 
lence of cervical ectopy (present versus absent) was in- 
vestigated with logistic regression. Ectopy was consid- 
ered present if it had been noted on any physical 
examination. Oral contraceptive use and potentially 
confounding factors were included in logistic models. 
Level of sexual activity was measured by the mean num- 
ber of monthly acts of coitus and by the mean number 
of partners a subject had during the follow-up period. 
Only subjects with complete data on sexual activity 
(73% of oral contraceptive: users, 72% of nonusers) 
were included in the analysis. 

Oral contraceptives were Classified by types and doses 


of estrogen and progestin. The statistical methods de- 
scribed above then were applied to compare the dif- 
ferent oral contraceptive formulations with respect to 
the prevalence of ectopy and the rates of infections. 

All significance levels (p values) are two-sided and 
95% confidence limits are used. 


Results 


Eight hundred eighteen subjects participated in the 
study; 617 used oral contraceptives, 158 had been ster- 
ilized, and 43 were using intrauterine contraceptive de- 
vices. The latter two groups were combined and 
compose the comparison group cf nonusers of oral 
contraceptives because the results did not differ mean- 
ingfully between the two separate comparison groups. 
The median age of subjects was £3 years; 89% were 
black and the remainder were wh:te; 18% were mar- 
ried. The median values of some potentially confound- 
ing variables according to oral cor-traceptive category 
are displayed in Table I. 

‘ Oral contraceptive use increased the rate of first chla- 
mydial-infection by 81% but did not increase the risk 
for second infections (Table II). However, because of 
the small number of repeat infections, the relative rates 
pertaining to first and second infections were not sta- 
tistically significantly different (p = 0.42) and there- 
fore combined. The summary estimate indicates a 73% 
increase in chlamydial risk associated with oral contra- 
ceptive use. These relative rates were ajdusted for the 
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Table IV. Rates of chlamydial infection by oral contraceptive use and cervical ectopy 
Oral 


contraceptive 





















Incidence Relative 


rate* 


Person 
months 


95% Confidence 
limits} - 











No No 19 545 3.5 l- 

Yes No 82 1112 7.4 1.94 1.08-3.48 0.027 
No Yes 12 151 7.9 2.53 1.21-5.28 0.013 
Yes Yes 101 978 10.3 2.65 1.50-4.70 0.001 





*Number of infections per 100 women per month. 


tFrom a proportional hazards model; adjusted for frequency of coitus, number of partners, age, number of pregnancies, and 
number of live births. : 


Table V. Relative prevalences and rates* according to progestin compound 















Ectopy Gonococcal infection 























95% 95% 95% 
Relative | Confidence Confidence Relative | Confidence 
Compound limits limits p rate limits p 
Norethindrone 221 2.97 1.78-4.96 <0.001 1.74 1.04-2.93 0.036 1.17 0.65-2.10 0.61 
acetate 
Norethindronet 321 2.89 1.77-4.71 <0.001 1.82 1.12-2.98 0.017 1.78 1.07-2.95 0.026 
Norgestrel§ 46 3.78 1.82-7.77 <0.001 1.9] 0.96-3.82 0.066 2.47 1.22-5.01 0.012 


*Relative to nonusers (n = 201) of oral contraceptives; adjusted for frequency of coitus, number of partners, age, number of 
pregnancies, and number of live births. 

tLoestrin (1.5 mg norethindrone acetate and 30 mcg ethinyl estradiol). 

¿Modicon (0.5 mg norethindrone and 35 mcg ethinyl estradiol): Ortho-Novum 1/35, 1/50, 1/80 (1 mg norethindrone and 35, 
50, or 80 mcg mestranol), and 10/11 (0.762 norethindrone and 35 mcg mestranol); Norinyl 1+35, 1+50, and 1+80 (1 mg 
norethindrone and 35, 50, 80 mcg mestranol). 

SOv-al (0.5 mg norgestrel and 50 mcg ethinyl estradiol); Lo-Ovral ‘0.3 mg norgestrel and 30 mcg ethinyl estradiol); Nordette 
(0.15 mg levonorgestrel and 30 mcg ethinyl estradiol); Tri-Phasil (0.092 mg levonorgestrel and 32 mcg ethinyl estradiol). 


potentially confounding variables listed in the footnote 
to Table II. The number of sexual partners was posi- 
tively correlated (p < 0.001) with the rate of chlamy- 
dial infection whereas age was negatively correlated 
(p < 0.001). 
The rate of gonococcal infection also was increased 
amonz oral contraceptive users (Table III). The relative 
rates for first, second, and third infections were not 
significantly different from one another (p = 0.17). 


The summary relative rate indicates a 70% increase in Ț 


the rate of gonococcal infection among oral contracep- 
tive users compared with nonusers. The number of 
sexua: partners (p < 0.001) and the number of live 
births (p= 0.0091) were directly related to the rate of 
gonococcal infection whereas age (p = 0.079) was in- 
versely related. : | 

For-y-six percent of the oral contraceptive users (286 
of 617) had cervical ectopy compared with 19% of the 
nonusers (39 of 201). After adjustment for reproduc- 
tive history, sexual activity, and age, the relative prev- 
alence of ectopy for oral contraceptive users (relative 
to nonusers) was 4.01 (95% confidence limit 2.50 to 
6.47, p < 0.001). Age (p = 0.085) was inversely related 
to the prevalence of ectopy whereas the number of live 
births (p = 0.0053) was directly related. 

The chlamydial infection rates were evaluated for 


each combination of oral contraceptive use and ectopy 
(Table IV). Ectopy was associated with a 153% increase 
in the rate of chlamydia among nonusers of oral con- 
traceptives, whereas ectopy was associated with a 37% 
increase in the rate of chlamydia among oral contra- 
ceptive users. However, the difference of the effect of 
ectopy on chlamydia for oral contraceptive users and 
nonusers is not Statistically significant (p = 0.13). The 
summary relative rate (over oral contraceptive use) of 
chlamydia among women with compared to those with- . 
out ectopy is 1.49 (95% confidence limits 1.12 to 1.97, 
p = 0.0053). | 

The prevalence of ectopy was not associated with 
gonorrhea, The summary relative rate of gonorrhea 
for those with compared with those without ectopy is 
1.00 (95% confidence limit 0.71 to 1.40). 

The amount of estrogen in the oral contraceptives 
was .not associated with either ectopy, chlamydia, or 
gonorrhea. Furthermore, the prevalence of ectopy was 
increased similarly for all types of progestins, and there 
was no Statistically significant variation in the rate of 
chlamydia among women using the various progestins. 
In contrast, the rates of gonorrhea did differ according 
to the type of progestin in the oral contraceptives (Table 
V). Compared with nonusers subjects using norethin- 
drone acetate oral contraceptives did not have a statis- 
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tically significant increase in the rate of gonococcal in- 
fection (relative rate = 1.17), whereas subjects using 
` formulations containing norethindrone (relative rate = 
1.78) and norgestrel (relative rate = 2.47) did have a 
statistically significant increase. Among subjects using 
oral contraceptives with norethindrone, there was some 
evidence of a positive correlation between gonococcal 
risk and the dase of progestin (p = 0.27) and between 
gonococcal risk and the ratio of progestin dose to es- 
trogen dose (p = 0.12). This analysis was not done for 
oral contraceptives containing other progestins because 
there was little variation in the dose of progestin in 
these formulations. 


Comment 


In the present study oral contraceptive users were 
compared witk nonusers with respect to the rate of 
cervical infections by C. trachomatis and N. gonorrhoeae. 
The subjects did not use diaphragms and the frequency 
of condom use among their partners was low (2% of 
the partners always used condoms and 91% of them 
never used condoms). Thus the increased relative rates 
of chlamydia and gonorrhea attributed to oral contra- 
ceptive use in this study cannot be explained by the use 
of barrier contraceptives in the comparison group. 

Washington et al.* reviewed 14 studies of oral con- 
traceptive use and cervical chlamydial infections. An 
increased risk cf infection was associated with oral con- 
traceptive use in 12 of the studies. There was, on av- 
erage, a doubling of risk. However, the authors of that 
review concluded that the information on sexual activ- 
ity collected in these studies was insufficient to adjust 
for potential confounding. In the present study de- 
tailed sexual activity data were collected prospectively 
through the use of subject diaries. Number of sexual 
partners did confound the association. Whereas the 
crude relative rate of chlamydia for oral contraceptive 
users compared with nonusers (1.95) agrees well with 
the previous published reports, the relative rate was 
somewhat lower (1.73) after adjustment for sexual ac- 
tivity. Nonetheless, it appears that there is an increased 
risk of chlamydial infection attributable to oral contra- 
ceptive use, albeit perhaps somewhat less than previ- 
ously thought. 

This study confirms a previous report that oral con- 
traceptive users have a higher prevalence of cervical 
ectopy than do nonusers.’ It has been speculated that 
oral contraceptive use causes cervical ectopy and that 
the presence of ectopy leads to an increased risk of 
chlamydial infection.“ The present study confirms 
that ectopy is an important mediary in the association 
between oral contraceptive use and chlamydia. How- 
ever, even among subjects without ectopy, oral contra- 
ceptive use is associated with a doubling of the rate of 
chlamydia. Thus oral contraceptive use may affect the 
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occurrence of chlamydia by some pathway in addition 
to ectopy. It is emphasized that the present study, as 
well as other epidemiologic studies, cannot elucidate 
the precise biologic mechanism by which ectopy is re- 
lated to chlamydia. It may be that ectopy is associated 
with increased chlamydial risk because more columnar 
cells are exposed to the pathogen (which selectively 
infects such cells, rather than squamous cells), or the 
positive association between ectopy and chlamydia may 
be an artifact of more efficient specimen collection for 
women with cervical ectopy. 

Information regarding oral contraceptive usage was 
available only for the 6-month study period. Thus some 
nonusers of oral contraceptives with cervical ectopy 
may have been previous oral contraceptive users. This 
misclassification would decrease the estimate of the ef- 
fect of oral contraceptive use on the increased preva- 
lence of ectopy and obscure the role of ectopy in the 
association between oral contraceptives and chlamydia. 
Nineteen percent of the nonusers of oral contraceptives 
in this study had cervical ectopy. This prevalence of 
ectopy is less than what has been reported in other 
sexually transmitted disease clinic populations (28%," 
32%,° and 41%"). Thus some subjects who actually had 
ectopy may have been classified as not having ectopy. 
This type of misclassification also would tend to mask 
the association between oral contraceptive use and cer- 
vical ectopy. However, such misclassification could ex- 
plain the observation that oral contraceptive use in- 
creased chlamydial risk among sudjects without cervical 
ectopy. | 

In most studies oral contraceptive users and nonusers 
have had similar risks of gonococcal infection.” In 
one study, oral contraceptive usezs had higher rates of 
gonococcal infection than did users of barrier contra- 
ceptives but did not have a higher rate than intrauterine 
contraceptive device users.” In two other studies the 
gonococcal risk was increased dy 38%” and 49%* 
among oral contraceptive users compared with non- 
users. The interpretations of most of these studies are 
limited by a lack of adjustment for potential confound- 
ing by sexual behavior and other characteristics that 
are associated with the risk of contracting sexually 
transmitted diseases. 

In the present study gonococcal risk was increased 
by 70% among oral contraceptive users compared with 
nonusers. Further, the rates of gonococcal infection 
varied according to progestin. Formulations containing 
norethindrone acetate were nor associated with in- 
creased gonococcal risk, whereas oral contraceptives 

containing the more androgenic progestins,” * nor- 
ethindrone and norgestrel, were. The greatest gono- 
coccal risk was associated with oral contraceptives con- 
taining norgestrel, the most androgenic progestin. 
Norgestrel-containing oral contraceptives recently have 
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increased in popularity and their use was probably far 
less prevalent among subjects in earlier studies than 
among subjects in this study. Also, no subject in this 
study used oral contraceptives containing norethynod- 
rel or ethynodiol diacetate, whereas earlier studies are 
likely to have included such formulations. These pro- 
gestins are less androgenic than the three progestins in 
the oral contraceptive formulations of the current 
study.” This usage pattern may explain partially why 
oral contraceptive use has not been associated with in- 
creased gonococcal infection rates in earlier studies. 
These findings suggest that women using oral contra- 
ceptives, especially oral contraceptives containing nor- 
gestrel, should be screened more actively than nonusers 
of oral contraceptives for both gonorrhea and chla- 
mydia. 

The crude relative rate of gonorrhea for oral con- 
traceptive users compared with nonusers was 1.29 
(p = 0.19) as opposed to an adjusted relative rate of 
1.70 (p = 0.032). Because the number of births was a 
risk factor for gonorrhea and because oral contracep- 
tive users had fewer births, adjustment for this factor 
increased the estimate of relative rate. There is no ap- 
parent biologic mechanism by which the number of 
previous births would increase gonococcal risk. A non- 
causal explanation for the finding is that the number 
of births is a surrogate for a high level of sexual activity 
that was measured imperfectly by the subjects’ reports. 

Although no variation in rate of infection or prev- 
alence of ectopy was observed according to type or dose 
of estrogen, this may be due to the uniformity of the 
estrogen component of the oral contraceptives used by 
the subjects. Similarly, the data are insufficient to fully 
evaluate the interaction of estrogen and progestin com- 
ponents on the occurrence of sexually transmitted dis- 
eases. 

Pelvic inflammatory disease is a possible sequela of 
both gonococcal and chlamydial infection. Studies have 
shown a reduced risk of pelvic inflammatory disease 
and hospitalization among oral contraceptive users?” 
and reduced severity of salpingitis and better fertility 
prognosis among oral contraceptive users.® However, 
a recent review suggests that oral contraceptives may 
increase the occurrence of more indolent forms of 
chlamydial-induced pelvic inflammatory disease.’ Fur- 
ther studies are necessary to elucidate the competing 
roles of oral contraceptive use, those of promoting 
cervical infection and inhibiting the ascension of or- 
ganisms. 

In summary, oral contraceptive use increased the in- 
fection rates for both chlamydia and gonorrhea. Cer- 
vical ectopy was markedly increased among oral con- 
traceptive users and appeared to be a causal mechanism 
for chlamydial infection but not for gonococcal infec- 
tion. Rates of gonococcal infection varied according to 
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the progestin compound of the oral contraceptives 
with the more androgenic compounds associated with 
higher rates. This latter observation underscores the 
importance of considering the specific formulations 
when assessing the adverse effects associated with oral 
contraceptive usage. 
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Long-term oral contraceptive use does not affect trabecular 


bone density 


Tom Lloyd, PhD, James R. Buchanan, MD, Gregory R. Ursino, BS, Cathleen Myers, RN, 


Gerald Woodward, MD, PhD, and David R. Halbert, MD 


Hershey, Pennsylvania 


To determine whether long-term exposure to exogenous estrogen in oral contraceptives influences 
trabecular bone mass in premenopausal women, we studied 25 closely matched, healthy, p-emenopausal 
women, who were recruited from an active obstetrics and gynecology practice. Eleven woman had never 
used oral contraceptives, and 14 women had used oral contraceptives for a minimum of 67 months. All 
oral contraceptive users had used preparations that provided a minimum of 50 pg mestrancl per day. 
Trabecular bone density was determined by quantitative single-energy computerized tomography of the 
L1-3 lumbar vertebral bodies. Trabecular bone density was similar for both the control group and the oral 
contraceptive users, 160.6 + 6.9 versus 161.2 + 7.4 mg/ml, respectively. The power to detect a 15% 
difference in bone density between these two samples was 0.87. We concluded that long-term, 
premenopausal oral contraceptive use has no effect on vertebral bone density. (AM J OBSTET GYNECOL 


1989:160:402-4.) 


Key words: Oral contraceptives, premenopausal bone density, estrogen status 


Long-term oral contraceptive use has been impli- 
cated as a risk factor in coronary vascular disease, breast 
disease, and thrombophlebitis. However, the risk-to- 
benefit assessments have generally favored the oral con- 
traceptive user. Oral contraceptive use results in 
marked decreases in ovarian steroidogenesis, yet this 
has not been considered as a risk factor for oral con- 
traceptive use.'* During oral contraceptive use, circu- 
lating estrogen levels are lower than levels found in the 
early follicular phase of normal ovulating cycles and 
somewhat higher than levels found in postmenopausal 
women.’ Reduced circulating estrogen levels at meno- 
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pause have been established as a principal determinant 
of loss in trabecular and cortical bone density. Recently, 
several groups have demonstrated that significant bone 
density loss occurs in premenopausal hypoestrogenic 
women.*® Because estrogen status appears to play a 
major lifetime role in maintenance of bone density in 
women, we designed the present study to determine 
whether long-term premenopausal estrogen adminis- 
tration, through the use of oral contraceptives, affects 
the trabecular bone density of the spine. 


Material and methods 


All procedures for this study were approved by the 
Institutional Review Board of zhe Pennsylvania State 
University College of Medicine. Informed consent was 
obtained from all participants. The medical records of 
patients in an active obstetrics and gynecology practice 
were reviewed to obtain closely matched study partic- 
ipants. Women were selected so that all factors known 
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Table I. Comparison of two study groups 
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Oral contraceptive 






Age (yr) 33.3 + 0.9 31.9 + 0.8 NS 
Height (cm) _ 165.4 6 160.3 + 1.7 NS 
Weight (kg) 55.0 -3 56.0 + 1.7 NS 
Ideal body weight (%) 90.4 al 96.5 + 3.3 NS 
Body fat (%) 20.2 4 21.9 + 1.6 NS 
Parity 1.7 i 0.6 + 0.3 0.01 
Gravidity 1.6 2 0.5 + 0.2 0.004 
Trabecular bone density (mg/ml) 160.6 9 161.2 +'7.4 NS 
Mestranol ípg/mo) — 1267.0 + 27.0 — 
Norethindrone (mg/mo) — 20.1 + 0.1 — 





Results shown are mean + SEM. 


to influence bone mass could be controlled. All partic- 
ipants were white, were nonsmokers, consumed less 
than 1.0 ounce of alcohol per day, had no history of 
drug abuse, and did not have any remarkable general 
medical history. We excluded women who had more 
than three term pregnancies. All women had normal 
gynecologic histories and were of reproductive age. 
Percent body fat composition was determined by mea- 
surement of the skin-fold thickness at ten different 
sites, as previously described.® A power analysis was 
performed (in the context of an independent sample 
¢ test) prior to initiating this study to predict what size 
study group would be necessary to detect significant 
differences in bone density between oral contraceptive 
users and controls. This analysis indicated that with the 
study populations used the power to detect a 15% dif- 
ference in bone density between the two subject groups 
was 0.87. 

The 14 oral contraceptive users had taken mestranol- 
containing preparations for a minimum of 67 contin- 
uous months. The maximum usage was 186 months 
and the mean was 120 months. The 11 control women 
had used barrier contraceptives and had never used 
oral contraceptives. Trabecular bone density was de- 
termined by quantitative computerized tomography of 
the lumbar spine, and is expressed as mg/ml dipotas- 
sium phosphate. This method accurately measures true 
trabecular mass and density, and is uniformly repro- 
ducible throughout the bone density range.'* "' Our 
precision, determined from repeated measurements of 
a cadaver spine over 12 months, was 1.7%. Statistical 
analysis was performed with SAS software on an IBM 
4381 computer. Data distributions are expressed as the 
mean + SEM. All p values are two-tailed. 


Results 


A summary of our findings is presented in Table I. 
The controls and oral contraceptive users were closely 
matched to eliminate as many potentially confounding 
variables as possible. Within the oral contraceptive user 


group, exposure to estrogen and progestogen was very 
similar. As would be expected, the control group had 
more pregnancies and live births than the oral contra- 
ceptive user group. Fig. 1 shows no difference between 
the two groups with respect to trabecular bone density. 


Comment 


The major finding of this study is that, despite the 
fact that oral contraceptives cause a depression of cir- 
culating estrogen to near postmenopausal levels, the 
long-term use of oral contraceptives does not lead to a 
reduction (or an increase) in trabecular bone density. 
Our control group was slightly taller and had more 
children than our oral contraceptive user group. Be- 
cause both pregnancy and increased height are known 
to be associated with increased bone mass, we also an- 
alyzed our data after height and pregnancy were con- 
trolled and still found no difference in vertebral bone 
density. We believe that the findings of this study apply 
to the general population because rigorous screening 
criteria were used to closely match our study groups, 
thereby eliminating confounding variables, and normal 
premenopausal trabecular bone loss occurs at 1% to 2% 
per year." Accordingly, if a significant aberration of 
the normal rate of loss had occurred in the oral con- 
traceptive user group, it would have been detected over 
the 10-year mean of oral contraceptive use. 

Previous studies on the effects of oral contraceptive 
use on bone mineral density used different methods 
and end points than those used in this report, and di- 
rect comparisons would be difficult. Goldsmith and 
Johnston”? measured cortical bone density with single- 
photon absorptiometry of the distal radius and used 
retrospective questionnaires for a large, mixed popu- 
lation enrolled in a prepaid health plan. They described 
bone mineral class qualitatively (low, moderate, and 
high) and suggested that some oral contraceptive users 
had higher overall levels of bone mineral. More re- 
cently, Lindsay et al.’* measured integral vertebral bone 
density by dual-photon absorptiometry and observed 
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Fig. 1. Trabecular bone densities of control subjects and oral 
contraceptive users. Bone densities of L1-3 vertebral bodies 
were determined by quantitative computed tomography. The 
solid bar represents the mean value, and the dashed line rep- 
resents the SEM for each group. 


an insignificant increase in the bone mass of the oral 
contraceptive users group. Although this study was 
controlled for age, height, and weight, the study pop- 
ulations contained a sizable percentage of women who 
smoked, and their bone density values reflect 76% cor- 
tical and 24% trabecular bone.” 

It is interesting that the two previous reports have 
set forth the notion that exogenous estrogen admin- 
istration, as occurs in oral contraceptive use, might be 
expected to increase bone density, inasmuch as post- 
menopausal oral estrogen use can arrest, and possibly 
reverse, bone loss.'* In designing our study, we thought 
that the question to be addressed might be stated as 
follows: Two effects of oral contraceptives on circulat- 
ing estrogen status are (1) abolition of estrogen fluc- 
tuations during the normal menstrual cycle and (2) es- 
tablishment of a relatively constant estrogen level sim- 
ilar to normal early follicular phase levels. How do these 
two events affect bone remodeling and ultimately bone 
density? Our study used quantitative computed to- 
mography and measured only the trabecular portion 
of vertebral bone, which is known to respond more 
rapidly than cortical bone to metabolic stimuli. The fact 
that we observed no difference in bone density between 
our highly matched study groups suggests to us that 
premenopausal oral contraceptive use has neither a 
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beneficial effect on bone density nor an appreciable 
negative effect on bone density after long-term use. 


' Therefore it appears that if a threshold estrogen 


level is required for normal premenopausal bone re- 
modeling, such a threshold is not reached by the 
depression of plasma estrogen levels during oral con- 
traceptive use. 
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Ovulation induction and pregnancy with an 
estrogen-gonadotropin stimulation technique in a menopausal 
woman with marked hypoplastic ovaries 


Jerome H. Check, MD, Jeffrey S. Chase, MD, Chung H. Wu, MD, and 


Harriet G. Adelson, BS 
Philadelphia, Pennsylvania 


A case is described of a woman with ovarian failure and documented atrophic ovaries in whom ovulation 
was achieved with the use of high-dose estrogen and human menopausal gonadotropins. The proposed 
mechanism involves a reduction in the elevated gonadotropins, which restored an adequate number of 
receptors. Thus sensitivity to exogenous menotropins was reestablished. (Am J OBSTET GYNECOL 


1989:160:405-6.) 


Key words: Ovulation, menopausal hypoplastic ovaries 


Induction of ovulation in women with ovarian failure 
has been described as the stimulation of remaining 
ovarian follicles with gonadotropin therapy after the 
elevated gonadotropins have been suppressed into the 
normal range by either exogenous estrogen therapy’ 
or by leuprolide acetate. The hypothesized mechanism 
by which follicular maturation occurred in patients who 
previously had failed to respond to human menopausal 
gonadotropins (hMG) alone, involved the renewal of 
sensitivity to gonadotropins of some of the remaining 
follicles by the restoration of gonadotropin-receptor 
concentration. This had been down-regulated by the 
previously elevated levels of luteinizing hormone (LH) 
and of follicle-stimulating hormone (FSH). 

However, in none of these cases in which gonado- 
tropin suppression preceded hMG stimulation was 
there any morphologic documentation of a paucity of 
ovarian follicles. The possibility exists that there was an 
inhibitor present (e.g., antibodies to the receptors) that 
prevented follicular stimulation spontaneously or to ex- 
ogenous gonadotropins. Thus, after spontaneous re- 
mission of the problem, the normal cohort of follicles 
would respond appropriately to LH and FSH with re- 
sultant ovulation. 

A case is reported in which ovulation and subsequent 
pregnancy occurred in a menopausal woman after go- 
nadotropin suppression with ethinyl estradiol and stim- 
ulation with hMG. However, in this case there was def- 
inite morphologic documentation of a marked dimi- 
nution of ovarian tissue. 
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Case report 

A 39-year-old woman with secondary infertility was 
first seen with a diagnosis of ovarian failure. Her men- 
arche occurred at age 10 years and, she had regular 
menses up to age 32 years when oligomenorrhea de- 
veloped. Vasomotor symptoms started at age 30 years. 
Her last spontaneous menstrual period occurred at age 
38 years, and 100 mg progesterone in oil administered 
intramuscularly was unable to induce menses. 

Serum LH and FSH at the time of initial examination 
were elevated into the menopausal range at 112 and 
124 mIU/ml, respectively, and the serum estradiol level 
was 12 pg/ml. Serum levels measured 3 weeks later 
showed similar elevations in gonadotropins (LH = 
85 mIU/ml, FSH = 96 mIU/ml, and serum estra- 
diol = 8 pg/ml). The levels of serum thyroxine, triio- 
dothyronine, triiodothyronine resin uptake, thyroid- 
stimulating hormone, 8 AM cortisol, antinuclear anti- 
body, serum calcium, and fasting serum glucose were 
normal, as was the complete blood count. Chromosome 


` analysis showed 46,XX. 


A laparoscopy revealed a hypoplastic yellowish left 
ovary approximately 20 mm x 16 mm x 16 mm, but 
no right ovary was identified. Neither adhesions or en- 
dometriosis were noted, and the fallopian tubes and 
the uterus appeared normal. 

Six months before her initial visit she had been 
treated with 3000 IU hMG, which failed to raise the 
serum estradiol level above 20 pg/ml. The next month 
the serum estradiol level did not increase above 20 
pg/ml despite treatment with 3600 IU hMG. 

The patient was started on 50 yg ethinyl estradiol 
daily for 2 weeks and 150 IU hMG daily for 4 days. 
The hMG was increased to 225 IU thereafter. She ovu- 
lated that cycle and formed one mature follicle that 
averaged 18.6 mm in diameter as measured by means 
of ultrasonography. The serum estradiol level reached 
292 pg/ml. Release of the ovum was demonstrated by 
shrinkage of the follicle to 11 mm as measured by 
means of ultrasonography. She was placed on 25 mg 
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of progesterone vaginal suppositories twice daily and 
a midluteal-phase serum progesterone level was mea- 
sured at 17.6 ng/ml. An endometrial biopsy specimen 
taken 13 days from ovulation was 4 days out of phase. 
An endometrial biopsy specimen taken 13 days from 
her second induced ovulation after 75 mg/day pro- 
gesterone supplementation: was in phase. A total of 
3000 IU hMG was required the first cycle and 4800 IU 
hMG the next cycle. The maximum amount per day 
was 225 IU hMG. 

The patient ovulated the next five consecutive cycles 
with the use of the same technique and averaged 2375 
IU hMG per cycle. She’ skipped one cycle and ovulated 
again after the administration of 3400 IU hMG. She 
conceived in this cycle. 

She was delivered of her infant by cesarean section 
at 37 weeks’ gestation. At that time the right ovary was 
identified as a streaked gonad and the left ovary ap- 
peared even more hypoplastic than before and was es- 
timated to have an average diameter of 12 to 15 mm. 


Comment 


The morphologic appearance of the ovaries in the 
case described supports the contention that, in this pa- 
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tient, ovarian failure was related to a paucity of follicles 
rather than to a normal number of follicles that were 
resistant to gonadotropin stimulation. Attempts failed 
to stimulate even a mild elevation in the serum estradiol 
levels with hMG alone in two cycles versus seven con- 
secutive ovulatory cycles in which ethinyl estradiol was 
used to suppress the elevated gonadotropins into the 
normal range before the start of hMG therapy. This is 
consistent with the concept that the few remaining fol- 
licles had been resistant to gonadotropin stimulation 
because of down-regulation of the gonadotropin re- 
ceptors.' | Ea to 
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Intravascular exchange and bolus transfusion in the severely 


lequnemniinized fetus 
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Eight Rh-sensitized fetuses, between 21 weeks 2 days and 35 weeks of gestation, received 31 
intravascular transfusions (13 exchange and 18 bolus) and one intraperitoneal transfusion under . 
ultrasonographic guidance. The interval between transfusions was 13.4 + 4.7 days. Posttransfusion 
hematocrit dropped at a rate of 1.0% + 0.6% per day. Procedure time for the bolus transfusion was 
shorter than for the exchange transfusion (t test, p < 0.001). Bleeding from the puncture site complicated 
10 of the 31 intravascular transfusions, without apparent maternal or fetal consequences. Fetuses were _ 
delivered between 33 and 36 weeks of gestation, after lung maturity was achieved. (AM J OBSTET GYNECOL 


1989;1 60:407-11.) 
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Ultrasonically guided access to the fetal umbilical cir- 
culation offers an alternative to the standard manage- 
ment of the severely isoimmunized pregnancy. This 
technique allows fetal blood typing,** direct hemoglo- 
bin analysis, and intravascular transfusion. 

Various approaches have been described for -fetal 
transfusion. Some investigators suggest simple intra- 
vascular transfusion, “° whereas others have suggested 
exchange transfusion. * We present a series of 32 ultra- 
sonically guided percutaneous transfusions in eight 
isoimmunized fetuses. The risks and benefits of ex- 
change transfusion versus simple bolus transfusion will 
be discussed. 


Methods and material 


Eight pregnancies, between 21 weeks 2 days and 35 
weeks of gestation, with severe Rh sensitization by am- 
niotic fluid analysis, had 31 intravascular transfusions 
and one intraperitoneal transfusion. Characteristics of 
patients appear in Table I. The procedures were per- 
formed by a three-person team, consisting of an op- 
erator, a sonographer, and an assistant who readied 
syringes with blood and handed equipment to the op- 
erator. All participants wore sterile gloves but did not 
scrub or gown. The maternal abdomen was prepped 
with Betadine solution and draped with sterile towels. 


From the Division of Maternal-Fetal Medicine, Department of Ob- 
stetrics and Gynecology," and the Division of Ultrasound, Depart- 
ment of Radiology,’ Jefferson Medical College of Thomas Jefferson 
University. 

Received for publication October 13, 1987; revised June 4, 1988; 
accepted August 4, 1988. 

Reprint requests: Sheila Ronkin, MD, Department of Obstetrics and 
Gynecology, Jefferson Medical College, 1025 Walnut St., Room 
310, Philadelphia, PA 19107. 


The ultrasonographic transducer with.transmission gel 
was encased in a sterile glove. Liquid Betadine, on the 
skin surface, aided interface contact. | 

Under ultrasonographic. guidance (ATL MK300I 
and 3.5 MHz sector. transducer with needle guide in 
place), the umbilical cord was entered at the placental 
insertion site with a 20-gauge needle. A 1 ml blood 
sample was withdrawn and analyzed by the H-1 Techni- 
con System to determine the extent of fetal anemia 
(hemoglobin and. hematocrit) and to verify fetal origin 
by cell separation (mean corpuscular volume and lym- 
phocyte’count). Type O, Rh-negative, cytomegalovirus- 
negative, irradiated, triply washed red blood cells 
packed to a hematocrit of 80% (anticoagulated with 
citrate phosphate dextrose) were transfused. in ex- 
change or bolus fashion. Seeing the moving path of 
microbubbles within the umbilical vein confirmed nee- 
dle placement. Fetal hematocrit was determined every 
two to three exchanges, and further transfusion was 
based on this result. The procedure was complete when 
an end-hematocrit of 40% was reached. Neither anti- 
tiotics nor tocolytics were routinely administered. In 
early cases both mother and fetus were sedated with 
intravenous meperidine and diazepam. In later cases 
fetuses were paralyzed with Pavulon (0.2 mg/kg) once 
intravascular access was achieved. Fetal heart rate was 
observed during and after transfusion. 

Transfusions were repeated approximately every 2 
weeks with some individualization. Between transfu- 
sions, tests of fetal well-being were performed weekly 
(nonstress test, contraction stress test, or biophysical 
profile and fetal scan for presence of hydrops). In some 
instances the interval to subsequent transfusion was 
shortened because of poor fetal testing or abnormal 
ultrasonographic findings. In others, when hematocrit 
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Table I. Characteristics of patients receiving intravascular transfusions during pregnancy 


Previous pregnancies 


Age 










Patient 
No. 


Antibody 
sensitivity 


Presence of 


hydrops 





l 22 3 ]-1-Q-2 One unaffected neonate Ant-C 0.199 approx. 22 wk Pos. 
One hydropic neo- Anti-D 
nate delivered at 31 
wk 
2 22 2 1-0-0-1 Unaffected Anti-C 0.174 approx. 31 wk Neg. 
Anu-D 
3 33 2 1-0-0-1 Unaffected Anti-D 0.057 approx. 31 wk Neg. 
4 34 3 2-0-0-2 One unaffected neonate Anti-D 0.24 approx. 25 wk Neg. 
. One mildly affected 
neonate 
5 26 D 2-0-2-2 Two unaffected Anti-C 0.30 approx. 26 wk Neg. 
neonates 
6 32 3 ]-0-1-] One affected neonate Anu-D Not done Pos. 
One intrauterine fetal Anti-c 
death at 18 wk Anti-e 
7 29 2 1-0-0-] One mildly unaffected Anti-D 0.107 approx. 31 wk Neg. 
neonate 
8 28 2 ]-0-0-1 Unaffected Anti-D 0.33 approx. 26 wk Neg. 





AOD 459, Delta optical density at 450 nm; E, exchange; IP, intraperitoneal; B, bolus; NA, not available. 


*At transfusion. 


was >30% before transfusion, subsequent sampling 
and transfusion were delayed for up to | week, pro- 
vided that twice-weekly fetal testing was reassuring. Af- 
ter 32 gestational weeks, amniotic fluid was obtained 
for a lung maturity profile. Delivery was postponed 
until lung maturity was reached. 


Results 


Intravascular transfusions were completed in 29 of 
32 attempts in eight isoimmunized fetuses. Thirteen 
were intravascular exchanges and 18 were bolus trans- 
fusions. Three of 32 procedures were not completed. 
In two procedures needle displacement led to termi- 
nation of transfusion before completion (one exchange, 
one bolus). The third incomplete intravascular proce- 
dure was completed intraperitoneally after an intra- 
vascular attempt was complicated by bleeding. 

The interval between transfusion was 13.4 + 4.7 
days. The interval between last transfusion and delivery 


was 12.4 + 3.7 days. Hematocrit dropped at a rate of 
1.0% + 0.6% per day in the interval from transfusion 
to transfusion or delivery. Procedure time for the bolus 
transfusion (21.6 + 11 minutes, n = 16) was shorter 
(p < 0.001) than procedure time for partial exchanges 
(30.6 + 20 minutes, n = 10). The timing, type, and 
volume of transfusions and the hematocrits before and 
after transfusion are shown in Table II. 

All fetuses were delivered beyond 33 weeks of ges- 
tation. Five were delivered by repeat cesarean section, 
two by vaginal delivery, and one by primary cesarean 
section because of decelerations of the fetal heart dur- 
ing the latent phase of labor. Cord hematocrit ranged 
from 27.9% to 39.8%. Four neonates required ex- 
change transfusions. Four of the first six neonates re- 
quired an additional simple transfusion after discharge. 
(The last two infants have only recently been dis- 
charged and this information is still pending.) The most 
severely affected fetuses (Nos. 1 and 6) were hospital- 
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Transfusion 
volume (ml) 













Hematocrit (%) 
Time 





Gestational age* No. of skin 









Type of 
(wk) transfusion punctures (min) Complications 

23 E 45 45 l 6.2 35.5 70 None 

24 317 E 20 20 l 12.6 25.0 26 Needle displacement 

25 E 38 31 l 19.3 40.3 NA None 

27 3:7 E 44 4] ] 19.9 37.5 NA None 

30 E 45 40 ] 19.6 35.0 NA Bleeding 

32 IP 120 = 2 = = NA Failed exchange 

31 5/7 E 86 47 3 18.6 41.8 56 None 

33 E 23 8 l 31.3 337 17 Incomplete transfusion 

26 5/7 E 13 ll l 37.3 42.3 21.5 Bleeding 

29 6/7 E 80 57 l 18.4 35.7 12.5 None 

32 3/7 E 85 30 l 16.9 40.5 33.5 None 

34 3,7 B 29 — ] 31.2 — 15 Needle displacement 

26 4,7 E 40 35 l 28.2 -379 9.5 Preterm labor 

29 3/7 E 40 30 I 33.5 43.1 17.5 None 

30 4/7 E 44 34 l 24.2 40.3 43 Bleeding, contractions, 
Bradycardia 

32 4/7 B 68 — l 30.4 39.4 NA Contractions 

34 2/7 B 70 — 2 26.6 38.3 NA Contractions 

21227 B 28 — ] 5.4 30.1 26 Bleeding 

21 5/7 B 18 — ] 24.0 38.0 4] Bleeding 

23 5/7 B 19 — l 29.5 — 30 None 

26 1/7 B 7 = 3 26.6 _ 42 Incomplete transfusion 

26 5!7 B 32 — l 20.6 35.9 33 None 

29 1/7 B 55 — l 25.5 41.0 13 None 

31 1/7 B 70 — ] 23.2 35.4 17 Bleeding 

32 4/7 B 72 = ] = = 16 Sample clotted 

34 5/7 B 60 — ] 31.4 42.6 7 None 

32 2/7 B 110 = 2 20:2 40.0 34 Contractions 

26 B 40 — I 28.5 42.0 18 Contractions 

28 B 40 — Í 28.2 38.1 18 Bleeding 

30 B 90 — l 20.9 40.0 13 None 

32 B 60 — l 33.9 42.0 13 None 

34 B 70 — l 24.7 35.1 10 None 


izec at 6 weeks of age for transfusion. In both cases 
absence of reticulocyte response was found. Neonatal 
outcome is described in Table II. 

Complications 

Technical. Technical problems prevented completion 
of intravascular transfusion in three of 32 procedures. 

During the last transfusion in patient No. 1, bleeding 
began at the cord puncture site before actual transfu- 
sion. After the needle was withdrawn, bleeding stopped 
within 1 minute. The patient was transferred to the 
labor suite at this time. Delivery was considered; how- 
ever, the fetal heart rate was reactive without deceler- 
ations and fetal position was favorable for intraperi- 
toneal transfusion. A total of 120 ml of blood was trans- 
fused intraperitoneally without complications. 

Vigorous fetal movement led to bleeding from the 
transfusion site and needle displacement during trans- 
fusion in patient No. 3. Bleeding stopped sponta- 
necusly within 1 minute. Repositioning of the needle 
was unsuccessful because fetal parts obscured visibility 
of the cord insertion site. Since the pretransfusion he- 





matocrit was >30%, we chose to interrupt the trans- 
fusion procedure at this point rather than risk further 
complication. | 

In patient No. 6 the fourth transfusion was lengthy 
and difficult. The cord insertion site was burrowed into 
a placental fold that was only partially visualized with 
ultrasound. Intravascular access was not obtained until 
the third skin puncture. Pure fetal blood was obtained 
for hematocrit testing. Soon after transfusion began, 
however, the stream of microbubbles traversing the 
umbilical vein disappeared. The cord diameter en- 
larged and the soft tissue boundaries became more de- 
fined against the fluid background, as transfused blood 
infiltrated the cord substance. Transfusion was termi- 
nated immediately. Umbilical vein Doppler scanning 
was normal at this point. Fetal nonstress test was re- 
active. Intravenous antibiotics were administered be- 
cause of multiple skin punctures and the lengthiness 
of the procedure. The hematoma was present, but 
smaller, on ultrasonographic examination the next day. 
It was absent by the third day after transfusion. 
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Table II. Neonatal outcome of fetuses given in utero intravascular transfusions 











Cord |No. of neonatal 
hematocrit exchange 

transfusions 

l 8 9 30.2 ] 

2 9 9 24.9 2 

3 36 2575 8 9 34.0 0 

4 >35 ` 2020 9 9 34.4 0 

5 36 2640 4 9 30.0 0 

6 >36 3100 7 9 39.8 0 

7 >33 2260 8 9 34.0 l 

8 36 3480 9 9 29.5 3 














Phototherapy 


Complications 
] 30 l None 
5 19 0 Retinal hemorrhage 
Septicemia 
5 7 0 None 
3 12 l None 
3 6 l None 
0 5 l None 
3 12 NA None 
5 6 NA None 





NA, Not available. 


Maternal. Preterm labor complicated the course of 
patient No. 5. Her initial episode of preterm labor oc- 
curred after amniocentesis for determination of the 
optical density at 450 nm. The first transfusion was 
performed while she was receiving intravenous to- 
colysis; the second was performed while she was re- 
ceiving oral tocolysis. At this point oral tocolysis was 
discontinued on her request. The remaining three 
transfusions were complicated by the onset of regular 
contractions. After transfusions were completed, the 
patient was transferred to the delivery room for mon- 
itoring and successful treatment with subcutaneous ter- 
butaline. 

Contractions began during transfusion in patient No. 
7 and after transfusion in patient No. 8. In both cases 
patients were transferred to the delivery room for mon- 
itoring after transfusions. Contractions stopped with a 
single dose of subcutaneous terbutaline. 

Fetal-placental. Bleeding from the cord puncture site 
complicated 10 of 32 procedures. Of these 10, three 
were completed exchange transfusions, four were com- 
pleted bolus transfusions, and three were incomplete 
procedures (described above). In all cases, bleeding 
stopped within 3 minutes. In 9 of 10, no change 


in fetal heart rate was seen. In one case, however, 


prolonged bradycardia accompanied blecding. While 
preparations for cesarean delivery were made, the 
bradycardia responded to treatment with fluids and 
positional changes. A subsequent continuous fetal heart 
tracing was reactive, and delivery was avoided. 
Microbubbles were seen in the fetal heart in one case 
and in the fetal liver in another. They were absorbed 
within a few hours with no apparent sequelae. 
Neonatal. The infant of patient No. 2 was delivered 
2 weeks after the last intrauterine transfusion. No signs 
of sepsis were noted at birth. An umbilical catheter was 
placed on day 1; he received an exchange transfusion 
on day | and a second exchange transfusion on day 2. 
On the second day, episodes of apnea and bradycardia 
initiated a workup for sepsis. One of several blood cul- 


tures taken on day 2 grew Staphylococcus aureus. Cere- 
brospinal fluid and urine cultures were negative. He 
received 7 days of antibiotic therapy. 


Comment 


Fetal intravascular transfusion with fetoscopic guid- 
ance was described by Rodeck et al.’ in 1981. 
MacKenzie et al. demonstrated that this procedure was 
technically feasible in second-trimester fetuses before 
elective termination." Rodeck et al.° described a series 
of 25 severely isoimmunized fetuses receiving 77 in- 
trauterine transfusions under fetoscopic guidance dur- 
ing the second and third trimesters (some intravascular 
and some intraperitoneal). The overall fetal survival 
rate was 72%. 

The risk of fetoscopy have led recent investigators 
to evaluate ultrasonographically guided fetal umbilical 
access as an avenue of fetal therapy. Daffos et al.” re- 
ported platelet transfusion in a third-trimester fetus 
with alloimmune thrombocytopenia. Berkowitz et al.'° 
reported blood transfusions in a case of Rh sensiti- 
zation. 

In recent months three groups have reported their 
experiences performing intravascular exchange? and 
bolus! * transfusions under ultrasonic guidance. It is 
unknown whether either technique is superior to the 
other. In our series the incidence of bleeding was sim- 
ilar for the techniques, but the procedure time was 
significantly shorter for the bolus technique. 

It has been speculated that exchange transfusion may 
provide the greatest benefit to patients with severely 
hydropic fetuses. Patient No. I was first seen at 23 
weeks with worsening hydrops despite two bolus trans- 
fusions at another institution. Pretransfusion hemoglo- 
bin was 2.1 gm/dl and hematocrit was 6.2%. Hydrops 
resolved within 3 days after a 45 ml exchange trans- 
fusion. In patient No. 6 the fetus had severe hydrops 
at 21 weeks 2 days. Pretransfusion hemoglobin was 1.5 
gm/dl and hematocrit was 5.4%. Hydrops worsened 
after the initial 28 ml bolus transfusion. A second 18 
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ml bolus transfusion was performed 3 days later. Hy- 
drops improved but did not disappear until the third 
bolus transfusion was performed 2 weeks later. Both 
fetuses with severe hydrops were treated successfully, 
one with bolus and exchange and one with bolus alone. 
It is of interest that the first fetus showed no improve- 
ment after two bolus transfusions. Perhaps the ex- 
change technique may be of value in resistant hydrops. 

Excessive fetal movement was the greatest technical 
problem encountered. Fetal movements, especially of 
the limbs, often obscured visibility of the needle and 
umbilical blood flow. On two occasions, movement of 
the fetus led to needle displacement and interruption 
of the transfusion. Fetal paralysis with intramuscular 
d-tubocurarine or Pavulon, as suggested by Ch de Cres- 
pigny et al., has alleviated this problem. 

Contractions complicated five of 31 transfusions. 
Three episodes occurred in a patient with preterm la- 
bor who had refused maintenance tocolytic therapy. In 
all cases a single dose of subcutaneous terbutaline 
quieted contractions. No progression of cervical dila- 
tation was seen despite the fact that therapy was initi- 
ated only after the procedure and the postprocedure 
scan were concluded and transfer to the delivery suite 
was accomplished. Therefore this series does not sup- 
port the routine use of prophylactic tocolytics before 
or during transfusion. 

Similarly, this series does not support the use of pro- 
phylactic antibiotics during transfusion, especially those 
procedures that are easily completed with few needle 


punctures. Septicemia developed in the neonate of pa- - 


tient No. 2 2 weeks after intrauterine transfusion, after 
placement of an umbilical catheter and two neonatal 
exchanges. Sepsis may have been related to the three 
skin punctures required to complete transfusion or to 
subsequent neonatal care. Further study is needed to 


determine whether multiple skin punctures increase | 


the risk of infection. 

At present, the criteria for intravascular transfusion 
are not well defined. All of our patients showed evi- 
dence of severe disease by amniotic fluid analysis or 
ultrasonographic examination and would have received 
intraperitoneal transfusions. However, two patients 
had initial hematocrits >30%. Three weeks later one 
of these (patient No. 4) had a hematocrit of <20% 
despite exchange transfusions to 42.3%. This demon- 
strates that significant hemolysis may develop rapidly. 
Further clinical experience and laboratory investigation 
(measuring antibody level, reticulocyte count, or eryth- 
ropoietin level) may lead to the development of better 
guidelines for the timing of transfusions. 

Another potential risk of the procedure is the pos- 
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sible shedding of large amounts of fetal cells into the 
maternal circulation resulting in rapid elevation of ma- 
ternal antibody and worsening fetal anemia. This may 
explain the rapid fall of hematocrit in patient No. 4. 

We conclude that intrauterine fetal intravascular 
transfusion is an acceptable therapeutic method for the 
isoimmunized fetus. Despite a high incidence of com- 
plications, there was no perinatal morbidity or mortality 
in our series. With well-timed transfusions, pregnancies 
can continue until fetal lung maturity is reached. Poor 
results on antenatal testing may be an indication for 
umbilical blood sampling and transfusion rather than 
immediate delivery. On the basis of the shorter pro- 
cedure time of the bolus transfusion as compared with 
the exchange transfusion, we believe the bolus tech- 
nique should be the first line of therapy. Theoretically, 
the exchange technique may offer an advantage to the 
severely hydropic fetus in whom fluid overload may be 
a consideration. Additional work is still needed to de- 
fine the timing, volume, and technique of intravascular 
transfusions. 
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Management of the third stage of labor in pregnancies 


terminated by prostaglandin E, 


Donna S. Kirz, MD, and Mary K. Haag, MD 
Chicago, Illinois 


In the management of second-trimester medical terminations of pregnancy, it is a commonly accepted 
practice to allow 2 hours for the third stage of labor. This practice is based on data from terminations with 
saline solution as the abortifacient. Herein we report our experience with the use of prostaglandin E, 
vaginal suppositories for midtrimester terminations, with particular regard to placental delivery rates and 
associated complications. Ninety-six patients underwent prostaglandin E, vaginal suppository terminations. 
Fifty-eight percent of patients had spontaneous placental delivery within 2 hours of the passage of the 
fetus; approximately two thirds of these were expelled within 30 minutes. Previous work involving elective 
saline solution—induced terminations suggested the 2-hour time limit for the third stage of labor. This was 
based on an unacceptable complication rate of greater than 4% beyond 2 hours. The present study of the 
use of prostaglandin E, suppositories for a variety of indications demonstrated a similar complication rate 
of 4% at 30 minutes. These findings suggest expectant management beyond this time limit may produce 
unacceptably high complication rates. (Am J OBSTET GYNECOL 1989;160:412-4.) 


Key words: Prostaglandin, midtrimester abortion, third stage of labor 


Postponement of child-bearing until a woman is in 
her late thirties or early forties is an increasingly com- 
mon cultural occurrence. There is a well-documented 
increase in the risk of detectable genetic abnormalities 
associated with advanced maternal age. Many women 
are now requesting reassurance that their fetus is ge- 
netically normal. Amniocentesis and ultrasound are two 
commonly available techniques used to assist in the 
analysis of genetic problems. When karyotype abnor- 
malities are identified or structural problems are de- 
fined,’ pregnancy termination is an option. In most 
states, legal terminations can be performed up to 24 
weeks of gestation. 

The prostaglandin (PG) E, vaginal suppository is an 
agent used for midtrimester pregnancy termination. 
Despite its frequent usage, a paucity of data is available 
on the management of the third stage of labor. 

With term vaginal deliveries, it is accepted practice 
to allow 30 minutes for the spontaneous passage of the 
placenta after delivery of the infant.' At 30 minutes, 
the placenta that has not delivered is labeled a retained 
placenta. Physician intervention is then indicated. 

In the literature on midtrimester abortions, a con- 
sensus as to the definition of retained placenta did not 
exist until 1974. In 1974, Burger and Kerenyi’ reported 
their experience with elective saline solution—induced 
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midtrimester abortions. They compared two groups of 
patients undergoing saline solution—induced preg- 
nancy terminations. The first group received expectant 
management for spontaneous delivery of the placenta; 
the second group had elective placental removal after 
delivery of the fetus. Comparing the complication rates, 
these authors recommended tha: a retained placenta 
be surgically removed if complete spontaneous passage 
had not occurred within 2 hours of fetal delivery. 

Since these data were published, the 2-hour period 
for a retained placenta has generally been accepted for 
second-trimester pregnancy terminations. The original 
work was performed with the use of saline solution as 
the abortifacient. Although saline solution is still avail- 
able, PGE, vaginal suppositories are more popular 
agents used for termination. The purpose of this study 
was to analyze PGE,-induced terminations with partic- 
ular regard to the management and complications of 
the third stage of labor. 


Material and methods 


Patients electing to undergo PGE, pregnancy ter- 
mination between January 1984 and December 1987 
were included in this study. Indications for the termi- 
nations as well as gestational age at presentation are 
listed in Tables I and IL. The technique used involved 
initial cervical ripening the evening before PGE, inser- 
tion with the use of Laminaria or Laminicel (Cabot Med- 
ical Corp., Langhorne, Pa.) agents. The following 
morning the agents were removed and the cervix was 
assessed. Next, a 20 mg PGE, vaginal suppository was 
placed high into the posterior vaginal fornix at intervals 
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of every 3 to 4 hours until fetal delivery occurred. Be- 
cause of commonly occurring side effects, most patients 
were premedicated with antinausea, antidiarrheal, and 
antipyrexic agents. Further administration of these 
agents as well ás, pain medications were used on an as- 
needed basis. Upon fetal delivery, a dilute solution of 
pitocin was administered intravenously to promote 
uterine contractility. The patient was then managed 
expectantly until placental delivery occurred. 

After delivery of the placenta, assessment as to com- 
pleteness of placental passage was performed and in- 
cluded evlauation of the placenta and uterus. The pla- 
centa was examined for evidence of fragmentation. 
The uterus was examined bimanually. Evidence of an 
atonic uterus, excessive bleeding, or placental frag- 
ments within the lower uterine segment were indicative 
of retained products. If complete placental passage had 
not occurred within 2 hours or if evidence of excessive 
bleeding occurred before 2 hours, then surgical inter- 
vention was elected. The methods of intervention for 
placental removal included manual removal, suction 
and sharp curettage, and/or use of placental forceps. 
After the termination, patients were observed for 12 
to 24 hours. The patient’s rubella status, Rh status, and 
postdelivery hemoglobin and hemocrit values were 
routinely evaluated. 


Results 


A total of 96 patients were entered into the study. 
Average age of the women was 32 years (range 16 to 
47 years). Twenty-six percent of the patient population 
was nulliparous. The majority of the parous women 
(29%) were pregnant for the second time. Gestational 
age ranged from 15 to 26 weeks, with the most common 
presentation at 18 to 22 weeks (69%). Indications for 
termination included anatomic abnormalities (44%), 
chromosomal abnormalities (47%), and intr auter ine fe- 
tal:demise (9%; Table J). 

Induction length was defined as the time non place- 
ment of the first PGE, suppository to fetal delivery. The 
mean induction length for all patients was, 15 hours 33 
minutes, with a range of 3 hours 59 minutes to 78 hours 
30 minutes. Significantly shorter induction lengths 
were found in patients with intrauterine fetal demise 
(p < 0.05). 

Retained placenta was defined as incomplete pas- 
sage of placental tissue within 2 hours of fetal delivery. 
This 2-hour management is supported. by various 
authors.*? In the present study, 58 of 96 patients (60%) 
delivered the placenta spontaneously within the 2-hour 
time limit. An additional 10 patients spontaneously 
passed the placenta while awaiting surgical interven- 
tion. Over half of placentas that passed ‘spontaneously 
before 2 hours did so within 15 minutes of fetal delivery 
(Fig. 1). The remainder of those that passed within the 
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Table I. Indications for second-trimester 


pregnancy termination 
No. of % of 
patients Population 


Indication 


Anatomic abnormalities 42 44 
Chromosomal abnormalities 45 47 
Intrauterine fetal demise 9 9 


Table II. Gestational age at second-trimester 
pregnancy termination 


Gestational age 


) No. of % of 
(wk) patients Population 


15-16 6 6 
17-18 18 19 
19-20 30 31 
21-22 25 26 
23-26 17 18 


2-hour time limit delivered evenly throughout the re- 
maining | hour 45 minutes (Fig. 1). Retained placenta 
was more likely to occur in individuals with fetuses of 
an earlier gestational age (15 to 16 weeks; p < 0.05). 
Interestingly, neither previous uterine surgery, pre- 
vious first- or second-trimester abortion, nor gravidity 
affected the outcome of placental delivery. 

Hemorrhage and infection were the major compli- 
cations of termination.. Hemorrhage was defined as an 
estimated blood loss of greater than 500 ml (5/96, or 
5%), a decrease in hemoglobin of at least 2 gm/dl 
(19/96, or 20%), or the need for transfusion (5/96, or 
5%; Fig. 2). Hemorrhage was noted more frequently 
with increasing duration of the third stage of labor 
(p < 0.05). 

Infection was defined as a temperature elevation of 
at least 100.4° F occurring 24 hours or more after ter- 
mination and/or positive tissue cultures. Antibiotic 
usage was not considered a reliable index of infection, 
as there were other indications for their use. However, 
there were no culture-positive cases after termination. 


Comment 


This study of midtrimester pregnancy terminations 
demonstrates increased morbidity associated with in- 
creasing length of the third stage of labor. The data 
are consistent with previous studies of midtrimester 
terminations,” *’ 

The commonly accepted management of allowing 2 
hours for the third stage of labor was derived from the 
1974 study of Berger and Kerenyi.” They compared 
the complication rates of two groups. The first group 
consisted of patients in whom there was spontaneous 
placental expulsion or emergency surgical placental re- 
moval. This group had a complication rate that rose 
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Fig. 1. Spontaneous delivery of placenta after PGE»-induced 
second-trimester abortion. 
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Fig. 2. Major complications after PGE,-induced second- 
trimester abortion during third stage of labor. 


progressively from 2.5% at 0 hours to greater than 8.5% 
at 4 hours. At 2 hours of expectant management, the 
incidence of complications was 4%. The second group 
consisted of patients in whom elective placental removal 
was performed after fetal delivery. This group had a 
complication rate of 4%. Note that at the 2-hour 
interval,. the complication rates were approximately 
equal. In analyzing their data, the authors recom- 
mended that surgical removal of the retained placenta 
be performed if complete, spontaneous, delivery had 
not.occurred within 2 hours of fetal delivery. 

Since these data were published, the 2-hour period 
for retained placenta has generally been accepted. This 

is the basis for current management of the third stage 
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of labor in second-trimester terminations. However, the 
properties of saline soiution and PGE, differ markedly. 
It may not be appropriate to base current management 
practice of PGE, termination on data obtained from 
saline solution—induced abortions. 

In analysis of the present data, it appears that 2. ae 
may be too long for expectant management of the third 
stage of labor. Fig. 2 demonstrates the incidence of 
complications with increasing length of the third stage 
of labor. At 2 hours there is a threefold increase in.the 
complication rate compared with placental delivery at 
15 minutes. 

In analysis of the likelihood of spontaneous placental 
delivery within 2 hours, more than 50% of those that 
are destined to pass do so within 15 minutes. By 30 
minutes the percentage increases to 64% (Fig. 1). 

In conclusion, based on this study of PGE,-induced 
midtrimester pregnancy terminations, it seems prudent 
to surgically intervene in the management of retained 
placenta before 2 hours. The data point to using 30 
minutes as the appropriate time limit for expectant 
management of the third stage of labor. This recom- 
mendation is made with consideration of both the like- 
lihood of spontaneous delivery by 30 minutes and the 
increasing complication rate with further expectant 
management. This recommendation is further sup- 
ported by the public’s concern over the administration 
of blood products. The public’s unwillingness to accept 
blood transfusion in light of the well-publicized, al- 
though small, chance of acquiring viral infections (e.g., 
acquired immunodeficiency syndrome or hepatitis) 
makes it increasingly necessary to minimize. unneces- 
sary blood loss. Because hemorrhage is the major com- 
plication of prolonged expectant management, earlier 
intervention should decrease the need for transfusion. 
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Editors’ note: Galley proof of this article was sent to the author at the proper time; however, 
the author notified us there were some statistical errors that she would correct and then 
send the corrected galley to us. The galley has not been returned by the date the issue 
is to go to press. Since we cannot delay the publication of this issue any longer, we will 
publish the article and the corrections will be made in the reprints. 
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defects in infants exposed in utero to sex hormones (oral con- 
traceptives, hormone withdrawal tests for pregnancy, or at- 
tempted treatment for threatened abortion). Some of these 
exposures were very short and involved only a few days of 
treatment. The data suggest that the risk of limb-reduction de- 
fects in exposed fetuses is somewhat less than 1 in 1,000 
if the patient is exposed to CYCRIN (medroxyprogesterone ace- 
tate tablets, USP) during the first 4 months of pregnancy, or if she 
becomes pregnant while taking this drug, she should be ap- 
prised of the potential risks to the fetus 





INDICATIONS AND USAGE: Secondary amenorrhea. abnormal uterine 
bleeding due to hormonal imbalance in the absence of organic pathology. 
such as fibroids or uterine cancer 

CONTRAINDICATIONS: Thrombophiebitis, thromboembolic disorders. 
cerebral apoplexy, or patients with a past history of these conditions. Liver 
dysfunction or disease. Known or suspected malignancy of breast or 
genital organs. Undiagnosed vaginal bleeding. Missed abortion. As a 
diagnostic test for pregnancy. Known sensitivity to medroxyprogesterone 
acetate. 

WARNINGS: 1. Immediately discontinue administration should any of the 
following thrombotic disorders occur or be suspected: thrombophlebitis, 
cerebrovascular disorders, pulmonary embolism, retinal thrombosis 
2. Beagle dogs treated with medroxyprogesterone acetate developed 
mammary nodules, some of which were malignant. Although nodules 
occasionally appeared in contro! animals, they were intermittent in nature; 
whereas the nodules in the drug-treated animals were larger, more numer- 
ous, persistent, and there were some breast malignancies with meta- 
stases. Their significance with respect to humans has not been estab- 
lished 3. Discontinue medication pending examination if there is sudden 
partial or complete loss of vision, onset of proptosis, diplopia, or migraine. 
lf papilledema or retinal vascular lesions occur, withdraw medication 
4 Detectable amounts of progestin have been identified in the milk of 
mothers receiving the drug. The effect of this on the nursing infant has not 
been determined 5 Usage in pregnancy is not recommended (see 
WARNING box). 6. Three major studies in Great Britain and one in this 
country have shown a statistically significant association between throm- 
bophiebitis, pulmonary embolism, cerebral thrombosis and embolism 
and the use of oral contraceptives. It has been estimated that users are 


several times as likely to undergo thromboembolic disease without evi- 
dent cause as nonusers. The American study indicated that the risk did 
not persist after discontinuation, and it was not enhanced by long contin- 
ved administration 


PRECAUTIONS: A pretreatment physical exam should include special 
reference to breast and pelvic organs and a Papanicolaou smear. This 
drug may cause fluid retention; therefore, carefully observe patients with 
conditions influenced by fluid retention such as epilepsy, migraine 
asthma, and cardiac or renal dysfunction. In irregular bleeding per vag- 
inum, bear in mind nonfunctional causes and perform adequate diag- 
nostic measures. Advise patnologist of therapy when submitting relevant 
specimens. Carefully observe patients with nistory of psychic depression 
and discontinue drug if serious depression recurs. Any possible influence 
of prolonged therapy on pituitary, ovarian, adrenal. hepatic, or uterine 
function awaits further study. Decreased glucose tolerance has been 
observed in a small percentage of patients on estrogen-progestin combi- 
nations, therefore. carefully observe diabetic patients receiving progestin 
therapy Age constitutes no absolute limiting factor, although onset of 
climacteric may be masked. Because of tne occasional occurrence of 
thrombotic disorders (thrombophiebitis, pulmonary embolism, retina! 
thrombosis, and cerebrovascular disorders) in patients taking estrogen- 
progestin combinations and since the mecnanism is obscure, the physi- 
cian should be alert to the earliest manifestation of these disorders. (See 
Package Circular for complete prescribing information.) 


ADVERSE REACTIONS: Pregnancy (See WARNING box), Breast rare 
reports of breast tenderness or galactorrhea; Skin: sensitivity reactions 
including pruritus, urticaria, edema and generalized rash, acne, alopecia 
and hirsutism in a few patients; Thromboembolic Phenomena including 
thrombophlebitis and pulmonary embolism 

The following adverse reactions have been observed in women taking 
progestins including medroxyprogesterone acetate, breakthrough bleed- 
ing; spotting; change in menstrual flow; amenorrhea, edema, change in 
weight; changes in cervical erosion and secretions; cholestatic jaundice: 
rash (allergic) with and without pruritus; mental depression, anaphylaxis 
and anaphylactoid reactions; pyrexia; insomnia; nausea and somnolence 
A statistically significant association has Deen demonstrated between 
use of estrogen-progestin combination drugs and the serious adverse 
reactions of thrombophlebitis, pulmonary embolism and cerebral throm- 
bosis and embolism. Therefore, patients on progestin therapy should be 
carefully observed 

Although available evidence is suggestive, a relationship has been neither 
contirmed nor refuted for the association of the serious adverse reaction of 
neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis 

The following adverse reactions have been observed in patients receiving 
estrogen-progestin combination drugs: rise in blood pressure in suscep- 
tible individuals; premenstrual-like syndrome; changes in libido; changes 
in appetite, cystitis-like syndrome; headache; nervousness, dizziness. 
fatigue; backache; hirsutism; loss of scalp hair, erythema multiforme: 
erythema nodosum; hemorrhagic eruption; and itching. Therefore, ob- 
serve patients on progestin therapy carefully. 

The following laboratory results may be altered by the use of estrogen- 
progestin combination drugs: increased sulfobromopnhthalein retention 
and other hepatic function tests; coagulation tests (increase in prothrom- 
bin factors VII, VIII, IX, and X); metyrapone test; pregnanedio! determina- 
tion; thyroid function tests (increase in PBI, and butanol extractable 
protein bound iodine and decrease in T* uptake values) 
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More confidence in presumptive antibiotic 

therapy. Prescribing UNASYN presumptively is a step 

you can take with confidence. UNASYN covers gram- 
positives (even enterococci), preva- 
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The right combination for most 
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99 infections. * 
al safety net. And UNASYN minimizes safety 
concerns with a reliable penicillin- 
class profile.’ (However, UNASYN is contraindicated in 
penicillin-allergic patients. ) 
Expect strong support from UNASYN in the mixed 
infections* you face every day. 
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INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of infections due to susceptible 
strains of the designated microorganisms in the Conditions listed below 
Skin and Skin Structure Infections caused by beta-lactamase producing 
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strans of Staphylococcus aureus Escherichia COl.” Aledsrelia spp * effect may also occur with UNASYN 

cluding A pneumomae*) Proteus mirabils,* Bacteroides tragi Carcinogenesis, Mutagenesis. Impairment of Fertility: Long term stug 
Enterobacter spp. * and Acinetobacter calcoaceticus es in animals have not been performec 10 evaluate carcinoger t muta 
intra-Addominal Infections caused dy Deta- actamase producing str t senic potentia 
Escherichia coli. Klebsiella sop (including K pneumoniae”). Bacteroides Pregnancy 
spp (including 8 fragilis), anc Enterobacter spp * Pregnancy Category B: Reproduction studies Nave been pertormeg in mice 
Gynecological Infections caused by Deta-lactamase producing strans of rats. and rabbits at doses up to ten (10) limes the human dose and Nave 
Escherichia coh.” and Bacterordes spp * uding fragili revealed no evidence of impaired fertility or harm to the fetus due to 
“Efficacy for (his organism in thes organ system was studied in fewer than 10 UNASYN There are however no adequate and well controlled Studies ir 
infections : pregnant women Because animal reproduction studies are not always 
While UNASYN® (ampicillin sodium sulbactam sodiun ndicated only predictive of human response. this drug should be used during pregnancy 


for the conditions listed above infections caused Dy ampicillin-susceptible 


organisms are alsoamenabie to treatment with UNASYN due to its ampic 


ontent Therefore. mixed infections caused by amp ysceptible 
Organisms and beta-lactamase producing arganisi sceptiole | 
UNASYN should not require the additron of another antibvotic 
CONTRAINDICATIONS 

The use of UNASYN Js contrandcated dividuals with a tstory of 
hypersensitivity reactions to any of the penicillins 


WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY ([ANAPHYLAC 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TOOCCURININDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA 
LOSPORINS BEFORE THERAPY WITH A PENICILLIN CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAL 
TIONS TO PENICILLINS CEPHALOSPORINS AND OTHER ALLERGENS If 
AN ALLERGIC REACTION OCCURS UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS AND AIRWAY MANAGEMENT INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 

General: A high percentage of patents wilh mononucleosis 
ampicillin develop a skin tash Thus ampicilin class antibiotics should not 
be administered to patients with mon 
UNASYN the possibility af superinte 


nuclieosis In patents 
HANE h Atie f 
Lions with myco 


s 


gens should be kept in mind during therapy If Superiniectio occur 
(usually involving Pseudomonas or Candida) the drug should be 

tinued and/or appropriate therapy instituted 

Drug interactions: Probenecid decreases the renal tubular secretion of 
amprcilin and sulbactam Concurrent use of probenecid with UNASYN may 


result in increased and prolonged diood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol ang ampicillin increases sud 
stantially the incidence of rashes patients receiving DOTA drugs as 


-a ASA tae a nie 
omparedtiop } arr 


f 
ahients recevin cin alone Isnatt known whether this 
n of ampicillin rashes to allopurinol or the hyperuricemia 
presentin these patients There are no data with UNASYN and allopurinol 
administered concurrently UNASYN and aminoglycosides should not be 
reconstituted together due to then vitro inactivation of amino sides dy 
the ampicillin component of UNASYN 

Drug/Laboratory Test Interactions: Administrabon of UNASYN wr) result 
n high unne concentrations of ampicillin High urine Concentrations ot 
ampicilin may result in faise positive reactions when testing for the 
presence af glucose in urine using Clinitest~ Benedicts Solution or 
Fehlings Solution It is recommended that glucose tests based on en 
rymatic glucose oxidase reactions (such as Clinistix = or Testape ~) be 
used Following administration of ampicillintopregnantwomen atransient 
decrease in plasma concentration of total conjugated estriol. es 
inolg conjugated estrone. and estradiol has been noted This 
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only it clearly needed (See—Orug/Laboratory Test Interactions ) 

Labor and Delivery: Studies n guinea pigs Nave shown that intravenous 
idmunistration of ampicillin decreased the utenne tone frequency of 
contracons, height of contractions and duration of contractions How- 
ever itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effectsonthefetus prolongs ine 


duration of labor or ncreases the bkelihood that forceps Gelivery or other 
obstetrical intervention or resuscitation of the newborn wii) De Necessary 
Nursing Mothers: Low concentrations of ampicillin ang sulbactam are 


excreted inthe milk therefore caution should be exercised when UNASYN 
i$ administered to a Nursing woman 
Pediatric Use: The etticacy and satety of UNASYN nave not Deen estabiisned 
ninfants and cn der the age af iz 
ADVERSE REACTIONS 
UNASYN is generally well tolerated The following adverse reactions Nave 
been reported 
Local Adverse Reactions 
Pain al iM inection site—16 Pay 
Thrambophlebitis j° 


Systemic Adverse Reactions 


4 f f 
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The most frequently reported adverse reactions were diarrhea in 3% oft 
patients and rash iniess than 2°» of the patients 

Additional Systemicreactions reported in less tna z tthe pavemts were 
tening nausea vomuling Candidiasis fatigue malaise headache chest 
pain. Natulence, adgomina distension glossitts unne retention Gysuria 
edema. facial swelling, erythema chilis, tightness dat Substerna 
pain eprstaxis ang mucosa weeding 

Adverse Laboratory Changes 

Adverse laboratory changes without regara fo Crug te ahionsnig tr were 


m tog ar 
eportec curing 


climical trials were 


Hepa lic increas 20 AST (SGOT ALT SGPT) alka r epn spnatase ang 
LOH 

Hematologic Decreased hemoglobin nematocn! ABC WBC neu 
trophiis, lymphocytes platelets and increased lymphocytes mo 
cytes basophils. eosinophils. and platelets 

Blood Chemistry Decreased serum albumin and total proterr 


Renal Increased BUN and creatinine 

Urmalysis Presence of RBC s and hyaline casts in uring 
The following adverse reactions Nave Deen reported with ampiciilin-ciass 
antibiotics and canalso occur with UNASYN 
Gastrointestinal: Gastritis. Stomatitis black hairy 
and pseudomembranous colts 
Hypersensitivity Reactions: Urticaria erythema multiforme ang an occa 
case of extoliative dermatitis have Deen reported These reactions 
may be controlled with antihistamines and. it necessary, systemic cortico 
steroids Whenever Such reactions occur the drug should be discontinued 
uniess the opinion of the physician dictates otherwise. Senous anc occa 
sional fatai hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse ‘adoratory Changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
iciilins All of these reactions are usually reversible on discontinuation of 
therapy and are Delieved to be Nypersensitwity phenomena 
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Nothing comes closer to 100% activity 

against anaerobes in vitro. It’s a fact. Studies have 

proved no other antibiotic superior to UNASYN in overall 
antianaerobic activity.’"’ Not 


“y used to think only two ee Not metronidazole. 
things in life were certai n” And that’s nothing to overlook— 


given the importance of anaerobes in 
today’s mixed infections. 

Though clinical results may not 
always mirror those obtained in vitro, there’s a world of 
confidence in choosing UNASYN for presumptive therapy of 
the mixed infections* you see every day. 
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P Comparative clinical study of sulbactam and ampicillin and clindamycin 
and tobramycin in infections of soft tissues Surg Gyn Obstet 1986.162 
575-578 1}. Kager L. Malmborg AS, Nord CE, et al A randomized 
controlled trial of ampicillin pus sulbactam vs. gentamicin plus clin- 
damycinin the treatment of intraabdominal infections A preliminary report 
Rev Infect Dis 1986:8(supp! 5) 5583-5588 18. Bruhat MA Pouly JL Le 
Boedec G. et al: Treatment of acute salpingitis with sulbactam/amprcnlin 
Comparison with cefoxitin Drugs (S06.3\\suppl2) 7-10.19. FaroS Expe- 
fence with ampicillin/sulbactam for OB/GYN infections Presented at a 
-Lactamase Inhibitors Progress with Ampicillin 
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Sulbactam Atlanta. 


INDICATIONS AND USAGE 

UNASYN ıs indicated for the treatment of infections due to susceptible 
strains of the designated microorganisms in the conditions listed below 
Skin and Skin Structure Infections caused by beta-lactamase producing 
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strains of Staphylococcus aureus. Escherictna coli,* Alebsielia spp * 
(including K pneumoniae’), Proteus murabilis.* Bacteroides fragilis * 
Enterobacter spp .* and Acinetobacter calcoaceticus * 
Intra-Abdominal Infections caused by beta-lactamase producing strains of 
Eschenchia coli, Klebsiella spp. (including K pneumomiae*). Bacteroides 
sop. (including B fragilis). and Enterobacter spp * 
Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli.* and Bacteroides spp * (including B fragiis*) 
*Efticacy for this organism in this organ system was studied in fewer than 10 
infections 
While UNASYN® (ampicillin sodium sulbactam sodium) 15 indicated only 
for the conditions listed above. infections caused by ampicillin-susceptible 
organisms are also amenable to treatment with UNASYN due toits ampicillin 
content Therefore. mixed infections caused by armpicillin-susceplible 
organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 
The use of UNASYN is contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS BEFORE THERAPY WITHA PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS. CEPHALOSPORINS. AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN INTRAVENOUS 
STEROIDS AND AIRWAY MANAGEMENT INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
General: A high percentage of patients with mononucleosis who receive 
ampicillin developaskinrash Thus ampicillin class antibiotics should not 
be administered to patients with mononucleosis In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
gens should be kept in mind during therapy If superintections occur 
(usually involving Pseudomonas ot Candida). the drug should be discon- 
tinued and/or appropriate therapy instituted 
Drug Interactions: Probenecid decreases the renal tubular secretion of 
ampicillin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged biood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases sut- 
Stantially the incidence of rashes in patients recewing both drugs as 
compared to patents receiving ampicillin alone Itis not known whether this 
potentiation of ampicillin rashes 1s due to allopurinol or the hyperuncema 
present in these patients There are no data with UNASYN and allopurinol 
administered concurrently UNASYN and aminoglycosides should not be 
reconstituted together due to the in vitro inactivation of aminoglycosides by 
the ampicillin component of UNASYN 
Drug/Laboratory Test Interactions: Adminstration of UNASYN will result 
in high urine concentrations of ampicillin High urine Concentrations of 
ampicillin may result in false positive reactions when testing for the 
poson of glucose in unne using Clinitest ~. Benedict's Solution-or 
ehling s Solution It 1s recommended that glucose tests based on en- 
zymatic glucose oxidase reactions (such as Clinistix™ or Testape ~) be 
used Following administration of ampicillinto pregnant women. aà transient 
decrease in plasma concentration of total conjugated estriol. €s- 
triolgtucuronide. conjugated estrone, and estradiol has been noted This 


effect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, impairment of Fertility: Long-term stud- 
ies in animals have not been performed to evaluate carcinogenic ot muta- 
pe potential 
regnancy 

Pregnancy Category B: Reproduction studies have been performedin mice 
tats. and rabbits at doses up to ten (10) times the human dose ano nave 
revealed no evidence of impaired fertility of harm to the fetus due to 
UNASYN There are. however no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy 
only ıt clearly needed (See—Drug/Laboratory Test Interactions ) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
admimstration of ampicillin decreased the uterine tone. frequency of 
contractions height of contractions. and duration of contractions How- 
ever itis not known whether the use of UNASYN in humans during labor or 
delivery has mmediate or delayed adverse effects on thefetus prolongs the 
duratron of labor. or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin anc sulbactam are 
excreted in the milk. therefore. caution should be exercised when UNASYN 
t5 administered to a nursing woman 
Pediatric Use: The efficacy and safety of UNASYN have not been estadiisned 
wn infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated. The following adverse reactions have 
been reported 
Local Adverse Reactions 

Pain at IM injection site—16%. 

Thrombophiebitis —3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3% of tne 
Patients and rash in less than 2% of the patents 
Additional systemic reactions reported in less than 1°» of the patients were 
itching. nausea. vomiting. candidiasis fatigue malaise headache. chest 
pain, flatulence. abdominal distension. glossitis. urine retention. dysuria 
edema. facial swelling. erythema. chills. tightness in throat sudsternal 
pain, epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard lo drug relationship tnat were 
reported during clinical tnals were 

Hepatic Increased AST (SGOT) ALT (SGPT), alkaline pnosphatase and 

LDH 

Hematologic Decreased hemoglobin, hematocrit. RBC. WBC neu 

trophils. lymphocytes. platelets and increased lymphocytes mono- 

cytes basophils. eosinophils. and platelets 

Blood Chernstry Decreased serum albumin and total proteins 

Renal increased BUN and creatinine 

Urinalysis Presence of RBCs and hyaline casts in urine 
The following adverse reactions have been reported with ampiciliin-ciass 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitys. black “hairy tongue enterocolitis 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria. erythema multiforme. and an occa- 
sional case of exfolative dermatitis have deen reported These reactions 
may be controlled with antihistamines and, if necessary. systemic cortico- 
steroids Whenever such reactions occur the drug should be discontinued 
unless the opinion of the physician dictates otherwise Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: in addition to the adverse laboratory Changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
icillins All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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Lower antibiotic costs without lowering 

your standards. UNASYN costs at least 40% less per 

day than clindamycin/gentamicin or cefoxitin." Yet UNASYN 
is at least as effective in a variety 


“We need gold-standard o mixed infections." 


And in some studies versus combi- 


res ults that don’t COS t nation therapy, patients treated with 
UNASYN spent fewer days in 


99 
a fortune. the hospital." 
So, look to UNASYN for highly 


effective, highly affordable therapy in mixed infections* 
every day. 


1.5 or 3g q6h 





(ampicillin sodium /sulbactam sodium) 


A drewon of Pizer Prarnaceutces 
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*Oue to susceptible strains of indicated organisms The one antibiotic 
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Finally, A Remedy for Back 
Discomfort in Pregnancy 


b O.B.GEES, the scientific turning point for alleviating back, leg and 
foot discomfort associated with pregnancy. 



























Whatis 0.B.GEES? 


O.B.GEES is a full line of shoes with a 
patented 2-step footcare support 
system designed to provide increased 


support to the foot, leg and back for a more 
comfortable pregnancy. 





0.B.GEES: FROM WORK... 


As you know, during the nine months 

of pregnancy the natural curves of the 

backbone become more pronounced 
as a woman gains weight and the center of 
gravity shifts forward. The pregnant woman 
stands farther back on her heels to 
compensate, causing the back to absorb 
tremendous strain. Back, leg and foot 
discomfort often result. O.B.GEES provide 
additional increased support in the heel, arch 
and toe areas allowing sensitive pressure 
points to relax. 


$ Why does a woman need 0.B.GEES? Ž ~ . 
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How do 0.8.GEES work? 


Using technically engineered foam 
A pads in varying densities, O.B.GEES 
properly support and counteract the 
pressure on the foot helping to realign the 
body to a more natural posture. O.B.GEES 
. utilize pure Plastazote* foam, tested and 
Burnes proven for firmness, durability, shock 
ma absorption and antifungal properties. 
— i, O.B.GEES insert 2 replaces insert 1 for firmer 
support in the heel, arch and toe areas needed 
during the last trimester due to increased 
weight bearing. 
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Who invented 0.8.GEES? 


Invented by Judy Brady, Registered 
A Neseichilih Educator, O.B.GEES 

was developed and researched for six 
f years with a team of board certified obstetric- 
VEI ians. As a professional nurse and working 
mother, Judy was convinced that there was an 
answer to backache during pregnancy. Her 
conviction led to the development and 
subsequent patent of this truly significant 
footcare system. O.B.GEES are so unique they 
have been granted U.S. Patent No. 4408402. 


0.B.GEES 2 


0.8.6 A & 


Send for our free informational booklet and illustrated catalog. 
Specify quantities and include your mailing address. 

To: Thorpe Shoe, 1275 Ritner Highway, 

Carlisle, PA 17013. (717) 249-2011. 


Thorpe Shoe, 1275 Ritner Highway, Carlisle, PA 17013 (717) 249-2011 0.B.GEES is a registered trademark licensed by the Kinney Shoe Corporation. © 1988 Thorpe Shoe 
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Acute pericarditis complicated by cardiac tamponade 


during pregnancy 


William G. Simpson, MD, Paul D. DePriest, MD, and Wayne B. Conover, MD 


Lexington, Kentucky 


A case of acute pericarditis, complicated by pericardial effusion and cardiac tamponade, is described. (Am 


J Osstet GYNECOL 1989;160:415-6.) 


Key words: Acute pericarditis, pericardial effusion, cardiac tamponade, pregnancy 


Acute pericarditis is an uncommon complication of 


pregnancy. Whereas the development of an associated 


pericardial effusion is not unusual, accumulation of 


fluid to the point of cardiac compromise is rare. This 
report describes a case of acute pericarditis in preg- 
nancy that progressed to cardiac tamponade. 


Case report 

A 31-year-old woman, gravida 5, para 3, aborta 1, 
was first seen at 32 weeks’ gestation with sudden onset 
of shortness of breath and pleuritic chest pain. She was 
afebrile, with a blood pressure of 140/70 mm Hg, a 
regular pulse of 95 beats/min, and a respiratory rate 
of 40 breaths/min. Pulmonary examination revealed 
diffuse rales and decreased breath sounds over the 
right lower lung field. Cardiac examination was normal, 
except for an S4 gallop and jugular venous distention. 
A chest x-ray film revealed an enlarged “water bottle” 
heart, pulmonary edema, and a right pleural effusion. 
An electrocardiogram demonstrated electrical alter- 
nans without significant ST segment elevation. An 
echocardiogram confirmed a large pericardial effusion 
(Fig. 1). 

The patient was transferred to the coronary care 
unit. Cardiac catheterization demonstrated equaliza- 
tion of all cardiac pressure at 16 mm Hg. A pericardial 
drain was placed, and 430 ml of straw-colored fluid was 
removed. Pericardial pressure immediately fell from 
16 mm Hg to a subatmospheric reading, and the pa- 
tient’s cardiovascular status rapidly improved. How- 
ever, immediately after the procedure, the patient went 
into labor, which progressed rapidly. A male infant 
weighing 1880 gm was delivered by primary cesarean 
section because of a footling breech presentation. After 
delivery, the patient was started on a regimen of in- 
domethacin. The remainder of her hospital course was 
unremarkable. 
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Fig. 1. Echocardiogram demonstrating large pericardial ef- 
fusion. E, Effusion; RA, right atrium; LA, left atrium, RV, 
right ventricle, LV, left ventricle. 


Gram stain and bacterial cultures of the pericardial 
fluid were negative, as were cultures for fungi and tu- 
berculosis. Cytologic tests revealed no evidence of ma- 
lignancy. Studies for collagen vascular disease and viral 
serologic tests also were noncontributory. 


Comment 

Acute pericarditis is a rare complication of preg- 
nancy. Since the first report in 1950, only three cases 
have been described in the literature, none associated 
with cardiac tamponade." 

Acute pericarditis is usually infectious in etiology: 
however, it also may be secondary to trauma or systemic 
disease. The patient typically presents with the acute 
onset of severe anterior chest pain, a triphasic pericar- 
dial friction rub, and an electrocardiogram demon- 
strating diffuse ST segment elevation. In most cases the 
patient responds quickly to a combination of analgesics 
and antiinflammatory agents. 

In some cases of acute pericarditis, pericardial injury 
results in the accumulation of fluid within the pericar- 
dial cavity. This can result in equalization of pressures 
within the pericardial space and cardiac chambers, 
leading to cardiac tamponade. Tamponade is usually 
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manifested by signs of cardiac failure, with increased 
central venous pressure and pulsus paradoxus. An elec- 
trocardiogram may reveal electrical alternans. While 
large effusions may be obvious as a “water bottle” heart 
on x-ray film, echocardiography remains the most re- 
liable method of diagnosis. 

Cardiac tamponade may be treated by pericardio- 
centesis in an emergency, but most acute forms require 
surgical pericardiostomy, with tube drainage or partial 
pericardiectomy. The pericardial fluid should be ex- 
amined to eliminate bacterial, fungal, and neoplastic 
causes. 

The present case demonstrates a life-threatening 
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complication of acute pericarditis: the development of 
cardiac tamponade. Because of the increased demands 
of pregnancy, decompensation of cardiovascular status 
is likely to be more abrupt and may result in fetal com- 
promise. Management is directed toward draining the 
effusion, with restoration of cardiovascular function 
and uterine perfusion. 


REFERENCES 


l. Probst RE, Mier TM. Acute pericarditis complicating preg- 
nancy. Obstet Gynecol 1963;22:393-5. 

. Valenzuela GJ, Koos BJ, Mejias A. An unusual presentation 
of a case of staphylococcal pericarditis during pregnancy. 
AM J] OBSTET GYNECOL 1985;151:752-3. 


ho 





Coitus, twin pregnancy, and preterm labor 


James P. Neilson, MD, and Marilyn Mutambira, SRN 


Harare, Zimbabwe 


The effect of coitus on precipitation of preterm labor was studied prospectively in 126 women with twin 
pregnancies. All of the women attended a special antenatal clinic in a tertiary referral center and were 
questioned about the frequency of coitus. Of the participants, 40% reported coitus early in the third 
trimester; the rate decreased to 24% by 36 weeks’ gestation. There were no significant differences in the 
frequency of positive responses between those who went into labor before term when contrasted with 
those who were delivered of infants at term. The data indicate that coitus is not an important precipitant of 
preterm labor in this high-risk group and that coitus need not be discouraged in women with twin 


pregnancies. (Am J Osstet Gynecol 1989;160:416-8.) 


Key words: Coitus, twin pregnancy, preterm labor 


It is widely believed that coitus during pregnancy 
may be a precipitant of labor (and therefore of preterm 
labor), although two recent reviews found little sup- 
porting evidence.''* Twin pregnancy provides a useful 
natural experiment in which to seek any association 
between coitus and preterm labor because of the as- 
sociated high incidence of preterm birth* and because 
of the early cervical dilatation that commonly occurs in 
multiple pregnancies.’ Marked cervical dilatation could 
encourage the initiation of parturition by various ef- 
fects of intercourse including the mechanical stimula- 
tion of prostaglandin release from the exposed fetal 
membranes,’ the action of seminal prostaglandins de- 
posited on cervix or membranes, the enhancement of 
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ascending infection,” or a combination of these. We 
prospectively investigated the frequency of coitus in 
women with twin pregnancies to determine whether 
this bears any relationship to the risk of preterm labor. 
We are not aware of any previous publication that spe- 
cifically reported the effects of coitus in multiple preg- 
nancies. 


Material and methods 

Harare Maternity Hospital is a busy tertiary referral 
center where more than 20,000 deliveries are super- 
vised per year exclusively from high risk pregnancies. 
At a special multiple-pregnancy antenatal clinic, 126 
women with twin pregnancies who were delivered of 
infants during a 7-month period were questioned in 
privacy by one of us (a Shona-speaking female research 
midwife) about the frequency of coitus during the pre- 
vious week. No information was sought with regard to 
technique or orgasm and no advice about coitus was 
given. Admission to the hospital was restricted to those 
with major pregnancy complications. None underwent 
cervical cerclage or pharmacologic suppression of uter- 
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Table I. Maternal characteristics and pregnancy outcome 


l Coitus in twin pregnancies 417 


l Delivery . | 

Number . 12 72 
Age (yr) 27.0 (6.0) 27.1 (5.1) NS 
Height (cm) - 161.9 (7.8) 161.9 (7.2) NS 
Weight (kg) 66.4 (9.5) 71.1 (10.2) < 0.05 
Parity 3.4 (2.0) 3.1 (1.9) NS 
Primigravidas 3 7 NS 
Number of twin clinic visits 30: (2.5) 5.6 (2.7) < 0.001 
Gestational age (wk) 

First clinic visit 24.7 (5.5) 26.0 (5,3) NS 

Delivery 34.9 (1.5 37.9 (1.0) < 0.001 
Early rupture of membranes (>24 hr) 10 ] < 0.005 
Birthweight (kg) ; 

Twin 1 2.15 (0.42) 2.68 (0.34) < 0.001 

Twin 2 2.25 (0.39) 2.69 (0.33) < 0.001 

Neonatal deaths 5 : 2 NS 





Numbers in parentheses represent 1SD from the mean. Analyses are by the Student ¢ test, x* test, or Mann- -Whitney test, as 


appropriate. 


Table II. Coitus and delivery 


Gestation (wh:) 


28-29 Preterm 
‘Term : 
30-31 Preterm 5 
Term 8 
32-33 Preterm 16 
Term 12 
34-35 Preterm 18 
Term 25 
36 Preterm 4 
Term 35 


[aes [eis [eae Te 


p Value 

NS 
i . i 
ri 1.166 > NS 
12 0.000 . NS 
9 es 
5 1.997 | NS 
16 <M 
2 0.008 NS 
10 





*Fisher’s exact probability test. 


ine contractions. Bed rest at home was not specifically 
recommended. Two women were excluded from anal- 
ysis; one was excluded because of uncertain gestational 
age and the other because of prelabor cesarean section 
at 35 weeks’ gestation. Among the remaining 124 study 
participants, gestational age at delivery was calculated 
with a hierarchy of assessment, including ultrasonog- 
raphy before 24 weeks (8), Dubowitz scoring of the 
newborn (100), ultrasonography between 24:and 30 
weeks’ gestation (8), and last menstrual period alone 
(8). There were 52 women (42%) delivered of their 
infants after spontaneous labor before 37 weeks’ ges- 
tation and the preterm group comprises these women. 
Of the 72 women who were delivered of infants at term, 
three did not have spontaneous labor—one had in- 
duction of labor and two had elective cesarean section, 
and these data have been retained for analysis. Mater- 
nal characteristics and pregnancy outcomes of the two 
groups are contrasted in Table I. No baby was stillborn, 
but seven died as neonates, which equals a perinatal 
mortality rate of 28/1000. | . 
To assess the effect of coitus during the third trimes- 


ter on preterm labor, the 202 responses were analyzed 
in. four blocks of two weeks each (28 to 29, 30-to 31, 

32 to 33, and 34 to 35 weeks’ gestation) and at 36 weeks’ 
gestation. Differences were assessed by the x? test with 
Yate’s correction where appropriate or by Fisher’s exact 
probability test. Iri no case did more than one response 
from a participant appear in the same block. 


Results 


Because it was uncommon for study participants to 
report coital frequency ‘of more than once per week, 
analysis has been of responses grouped according to 
whether coitus had occurred during the previous week. 
Positive responses decreased from around 40% early 
in the third trimester to 24% at 36 weeks’ gestation. 
There was no evidence that positive reports of coitus 
at any time in the third trimester were associated with 
a significantly increased chance of preterm birth (Table 
IT). 

Coital frequency of more than once per week was 
reported by 35% at 28 to 29 weeks, :13% at 30 to 31 
weeks, 20% at 32 to 33 weeks, 14% at 34 to 35 weeks, 
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and 4% at 36 weeks’ gestation; the maximum frequency 
was four times per week. Within this subgroup of preg- 
nancies there .was, again, no identifiable relationship 
between coitus and preterm delivery. 


Comment 

In most previous investigations of the effects of coitus 
during pregnancy, women were questioned after de- 
livery about antepartum sexual activity. This introduces 
possible biases, both because women delivered of in- 
fants at term are required to recall less recent events 
than those delivered of preterm infants, and because 
those with unfavorable outcomes may have distorted 
recollections.’ To avoid these problems, the women in 
this study were questioned prospectively during the 
course of their pregnancies. Maternal characteristics in 
the two groups were similar except that those delivered 
of preterm infants tended to be less heavy (Table 1). 
Gestational age at delivery and birth weights were pre- 
dictably less in the preterm group; the increased inci- 
dence of early rupture of the membranes was not 
predicted. 

On the basis of their investigations, Rayburn and 
Wilson® recommended that normal sexual activity dur- 
ing the third trimester need not be discouraged unless 
factors exist that predispose to preterm labor, such as 
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multiple pregnancy. This precautionary statement is 
understandable; however, the data presented here 
show no evidence that coitus during the last months of 
pregnancy is an important precipitant of preterm labor 
in this high-risk group. We have not found evidence 
that coitus should be discouraged in women with twin 
pregnancies. 


We acknowledge with gratitude the assistance of Dr. 
C. Bannerman, who examined the neonates. 
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Clinical significance of elevated mean arterial blood pressure 
in second trimester and threshold increase in systolic or 


diastolic blood pressure during third trimester 


Marco A. Villar L., MD, and Baha M. Sibai, MD 


Memphis, Tennessee 


The purpose of this investigation was to determine the diagnostic value of an average mean arterial blood 
pressure in the second trimester of =90 mm Hg and a threshold increase in diastolic blood pressure of 
215 mm Hg or in systolic blood pressure of =30 mm Hg, on two occasions, 6 hours apart, in predicting 
preeclampsia. The study population consisted of 700 young normotensive primigravid women who were 
evaluated prospectively during pregnancy. Systolic and diastolic blood pressures were carefully measured 
at each prenatal visit, and the mean arterial blood pressure in the second trimester was calculated for 
each measurement. An average >90 mm Hg was considered abnormal. One hundred thirty-seven patients 
had preeclampsia, for an overall incidence of 19.6%. An average >90 mm Hg had a sensitivity of 8% and 
a positive predictive value of 23%. The respective values for a threshold increase of >15 mm Hg in 
diastolic pressure were 39% and 32%. For a threshold increase of >30 mm Hg in systolic pressure, 
values were 22% and 33%. The negative predictive values for all tests studied ranged between 81% and 
85%. Neither a mean arterial blood pressure in the second trimester of >90 mm Hg nor a threshold 
increase in systolic or diastolic blood pressure during the third trimester was significantly predictive of the l 
development of preeclampsia. (AM J OBsTET GYNECOL 1989;160:419-23.) 


Key words: Mean arterial blood pressure, systolic hypertension, diastolic hypertension, 


preeclampsia. 


Preeclampsia is diagnosed in a wide spectrum of pa- 
tients, from those who have minimal elevation in blood 
pressure only to those who experience severe hyper- 
tension with multiple organ dysfunction. Abnormal el- 
evation of the blood pressure, the hallmark for the 
diagnosis of preeclampsia, is defined as the presence 
of hypertension after the twentieth week of gestation 
or within 48 hours post partum. The elevation in blood 
pressure may be evident during the second trimester, 
during the early third trimester, at term, or during 
delivery. This blood pressure rise could be an absolute 
value of 140/90 mm Hg (on two occasions at least 6 
hours apart) or a relative value, whereby blood pressure 
must increase by at least 30 mm Hg systolic or 15 
mm Hg diastolic from a previous recording (time un- 
specified). 

A rise in blood pressure of at least 30 mm Hg systolic 
or 15 mm Hg diastolic from a previous recording early 
in pregnancy has been used by some for the prediction 
and diagnosis of preeclampsia.’ In addition, several re- 
ports suggest using the mean arterial blood pressure 
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during the second trimester to predict the future de- 
velopment or absence of this disease. Such studies have 
suggested that preeclampsia often can be predicted 
from an average mean arterial blood pressure in the 
second trimester of >90 mm Hg; however, there are 
high percentages of false-positive and false-negative 
tests.*" 

The real test of the efficacy of prediction is how well 
a blood pressure criterion foretells preeclampsia. This 
study was undertaken to determine the diagnostic value 
of an abnormal mean arterial blood pressure in the 
second trimester and a threshold increase in systolic 
and diastolic pressure in the third trimester in the pre- 
diction of preeclampsia. 


Material and methods 


The study population consisted of 700 young, nor- 
motensive primigravid women, who were evaluated 
prospectively during pregnancy at E. H. Crump Wom- 
en’s Hospital in Memphis, Tennessee. Systolic and di- 
astolic blood pressures were carefully measured with 
patients in the sitting position at each prenatal visit. 
The mean arterial blood pressure was calculated for 
each measurement, as follows: 

Mean arterial blood pressure = 
Systolic blood pressure + 
2 Diastolic blood pressure 
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Table I. Pregnancy outcome according to blood pressure findings 


Normotensive 





Blood pressure criteria 


MAP-2 =90 mm Hg 


MAP-2 <90 mm Hg 527 8i- 
Increase in diastolic pressure 113 68 


215 mm Hg 


Absent increase in diastolic 450 84 
pressure 

Increase in systolic pressure 60 67 
=30 mm Hg 

Absent increase in systolic 503 82 
pressure 

Increase in both 32 58 

Both normal* l 422 86 


No. of No. of 
patients % patients % 
36 Pp 11 23 









Preeclampsia 


p Value and odds ratio 


NS 
126 19 
53 32 
<0.0001,2.5:1 
84 16 
30 33 
<0.0005,2.4:1 
107 18 
23 42 
<0.0001,3.9:1 
77 14 





BP, Blood pressure; MAP-2, average mean arterial pressure in the second trimester and increased diastolic or systolic pressure 


on two occasions. 


*Excluding 146 patients with only one abnormal test result. 


The results between 13 and 27 weeks were pooled 
to determine the average mean arterial blood pressure 
in the second trimester for each individual. An average 
290 mm Hg was considered abnormal. 

In addition, the difference between systolic blood 
pressure measured during either the first or the second 
trimester and that measured in the third trimester was 
calculated far each patient. A threshold increase in sys- 
tolic blood pressure =30 mm Hg on two occasions >6 
hours apart was considered abnormal. Similar calcu- 
lations were made for diastolic blood pressure, in which 
a threshold increase of >15 mm Hg on two occasions 
>6 hours apart was considered abnormal. 

The diagnosis of preeclampsia was based on a blood 
pressure reading of >140/90 mm Hg on two occasions 
at least 6 hours apart. Proteinuria was present with 
hypertension in 70 patients and was not present in 67 
patients. Proteinuria was treated with intravenous mag- 
nesium sulfate. 

At time cf delivery, patients were classified as nor- 
motensive or as having preeclampsia, on the basis of 
the above criteria. Sensitivity, specificity, and positive 
and negative predictive values were calculated for each 
blood pressure criterion in relation to pregnancy 
outcome. 

The unpaired Student’s ¢ test was used to compare 
mean blood pressure values at various gestational ages, 
and analysis of variance for repeated measures was 
used to compare any differences in trends between pa- 
tients who developed preeclampsia and those who re- 
mained normotensive. The x’ test was used to compare 
frequencies. A p value of <0.05 was considered signif- 
icant. 


Results 


The mean maternal age was 16 + 2.7 years (range 
13 to 25 years). The average gestational age at time of 
first prenatal visit was 14.1 + 3.2 weeks (range 6 to 20 
weeks). Preeclampsia was present in 136 patients, and 
eclampsia developed in one, for an overall incidence of 
19.6%. Seventy patients had hypertension with pro- 


teinuria, whereas 67 had hypertension only. Table I 


summarizes blood pressure findings with respect to de- 
velopment of preeclampsia. The incidence of devel- 
opment of subsequent preeclampsia was the same for 
both the group of patients whose average mean arterial 
blood pressure in the second trimester was 290 
mm Hg and the group whose average was <90 mm Hg 
(23% versus 19%). In addition, the patient with eclamp- 
sia had a mean arterial blood pressure in the second 
trimester <90 mm Hg before the onset of convulsions. 
Fig. 1 presents the sensitivity, specificity, and predic- 
tive values for the blood pressure criteria. An increase 
in diastolic pressure of >15 mm Hg had the highest 
sensitivity (39%), whereas a value 290 mm Hg had the 
lowest sensitivity (8%). In addition, it is important to 
note that an average 90 mm Hg had the highest false- 
positive results (77%). The specificity was high for all 
tests (range 89% to 94%) except the test for increased 
diastolic pressure, which had 80.0% specificity. An in- 
crease in both blood pressures had the highest positive 
predictive value (42%), whereas a mean arterial blood 
pressure in the second trimester 90 mm Hg had the 
lowest predictive value (23%). With regard to negative 
predictive values, all blood pressure criteria were very 
similar, with values ranging between 81% and 85%. 
In Fig. 2 the serial systolic and diastolic blood pres- 
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INC S/D BP 
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Fig. 1. Sensitivity, specificity, and positive and negative predictive values for various tests in predicting 
preeclampsia. DBP, Diastolic blood pressure; SBP, systolic blood pressure; INC S/D BP, increase in 


both systolic and diastolic blood pressures. 





© S/PREECLAMPSIA 
—* S/NORMOTENSIVE 
— D/PREECLAMPSIA 
D/NORMOTENSIVE 







110 


BLOOD PRESSURE (mm Hg) 





6-12 13-18 19-23 24-27 28-31 32-35 36 37 38 39 40 41 


GESTATIONAL AGE (Weeks) 


Fig. 2. Values are expressed as mean + SEM. S/Preeclampsia, Systolic blood pressure in preeclamptic 
group; S/Normotensive, systolic blood pressure in normotensive group; D/ Preeclampsia, diastolic blood 
pressure in preeclamptic group; D/Normotensive, diastolic blood pressure in normotensive group. 


sure throughout gestation are compared between pa- 
tients who remained normotensive and those who de- 
veloped. preeclampsia. The group with preeclampsia 
had significantly (p < 0.0001) higher systolic and dia- 
stolic blood pressures from 24 weeks’ gestation until 
delivery, with analysis of variance for repeated mea- 
sures. Differences between the two groups at respective 
gestational ages are summarized in Fig. 2. 

Fig. 3, the serial mean arterial pressures throughout 
gestation are compared between patients who remained 
normotensive and those who developed preeclamp- 
sia. The group with preeclampsia had significantly 


(p < 0.0001) higher mean arterial pressures from the 
first trimester until delivery by analysis.of variance for 
repeated measures. Differences at respective gesta- 
tional ages between the two groups are summarized in 
Fig. 3. 


Comment 


Fallis and Langford? suggested that primigravid 
women who developed toxemia in the third trimester 
of pregnancy had higher pressures earlier in pregnancy 
than did women who remained normotensive. In their 
report, on the basis of the analysis of 113 primigravid 
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Fig. 3. MAP, Average mean arterial pressure. 


women, they observed a mean arterial blood pressure 
in the second trimester of 92.8 mm Hg in toxemic pa- 
. tients, compared with a value of 83.0 mm Hg in patients 
who remained normotensive. 

Almost a decade later, Page and Christianson’ pre- 
sented an analysis derived from 14,833 pregnancies 
managed at the Kaiser-Permanente Health Plan. They 
found that average mean arterial blood pressure in the 
second trimester had some predictive value for the de- 
velopment of preeclamptic and nonpreeclamptic hy- 
pertension in the third trimester. In addition, they re- 
ported that the incidence of those complications in- 
creased progressively with increasing levels of mean 
arterial blood pressure in the second trimester, with 
sharp increases at levels of >95 mm Hg. 

Oney and Kaulhausen® found that average mean ar- 
terial blood pressure in the second trimester was 90 
mm Hg in 42% of 200 nulliparous women, but only 
32% of that group later developed hypertension. Eight 


were classified as having pregnancy-induced hyperten- 


sion, and 19 were classified as preeclamptic. Only two 
of the 115 women with average values <90 mm Hg 
developed preeclampsia. These authors suggested that 
the blood pressures had been measured after the 
women had been supine for 10 minutes. Hence, the 
higher levels might be attributable to the supine pressor 
response that sometimes predicts preeclampsia. The 
percentage of patients in this study who had a mean 
arterial blood pressure in the second trimester #90 
mm Hg (42%) is far greater than the 13.6% reported 
by Page and Christianson,’ the results of the present 
report, or those of any other investigator. 


An increase in systolic or d:astolic blood pressure 
during the third trimester, which is based on early 
recording in pregnancy, also aas been analyzed for 
the ability to predict and diagnose preeclampsia. 
MacGillivray et al. reported that 73% of primigravid 
patients with normotensive pregnancies demonstrated 
an increase in diastolic blood pressure of >15 mm Hg 
at some stage during pregnancy. In addition, 57% of 
these patients demonstrated an increase in diastolic 
pressure of >20 mm Hg during pregnancy. 

In the present investigation. we found that an av- 
erage mean arterial blood pressure in the second 
trimester 290 mm Hg showed a very low sensitivity 
and a low positive value in predicting those patients 
who eventually developed preeclampsia. Forty-seven 
(6.7%) of the patients studied had such an elevation, 
and only 11 developed preeclampsia. Conversely, 126 
(19%) of the 653 patients who had an average mean 
arterial blood pressure in the second trimester <90 
mm Hg developed preeclampsia, and 527 (81%) pa- 
tients remained normotensive, demonstrating the in- 
ability of this test to detect future development of pre- 
eclampsia. These findings are in disagreement with 
those reported by Page and Christianson,’ who found 
higher sensitivity values and recommended the use of 
this blood pressure test for detecting preeclampsia. 

Throughout pregnancy, the average mean arterial. 
blood pressure was significantly higher in preeclamptic 
patients than it was in normo-ensive patients (Fig. 2), 
which suggests the presence of an early vasospasm in 
those women destined to develop preeclampsia. These 
findings are in agreement with those reported by 
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Moutquin et al.” However, these statistical differences 
in mean arterial blood pressure values between the two 
groups have no clinical significance, because the ab- 
solute numbers are still within ranges that are consid- 
ered normal. There was also considerable overlap in 
mean arterial blood pressure values between the two 
groups, making this test inadequate for predicting fu- 
ture preeclampsia. 

From 24 weeks until term, the average systolic and 
diastolic blood pressures were significantly higher in 
the preeclamptic group than in the normotensive 
group (Fig. 3). Again, the absolute values were within 
ranges that are considered normal, and there was con- 
siderable overlap in these measurements between the 
two groups. Hence neither of these measurements can 
be used to predict preeclampsia. 

Because a gradual increase in blood pressure from 
the second to third trimester is seen in most normo- 
tensive pregnancies, we consider a threshold increase 
in systolic or diastolic blood pressure to be unreliable 
as a criterion for the diagnosis of preeclampsia. More- 
over, the above definition is dependent on at least two 
observations during the course of pregnancy. This will 
be influenced by at least three factors: gestational age 
at time of first observation, frequency of blood pressure 
measurements during prenatal care, and the two ob- 
servations that are selected for the diagnosis. Hence, 
using a rise in blood pressure as a criterion for diag- 
nosing preeclampsia will lead to an erroneous diagnosis 
in the majority of cases. This statement is supported 
by our findings, which showed that a threshold increase 
of either >30 mm Hg systolic or >15 mm Hg diastolic 
is seen in 67% of primiparous women with normoten- 
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sive pregnancies (Table I). These findings are similar 
to those reported by MacGillivray et al.° and by 
Moutquin.® 

In summary, neither an average mean arterial blood 
pressure in the second trimester of =90 mm Hg nor a 
threshold increase of >30 mm Hg systolic or >15 
mm Hg diastolic is significantly predictive for the di- 
agnosis of preeclampsia. Therefore these blood pres- 
sure results should not be used as criteria in the pre- 
diction and diagnosis of preeclampsia. 
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Factors influencing hemostasis after umbilical vein puncture 


in vitro 


Judith A. Ney, MD, Susan C. Fee, MD, Sharon L. Dooley, MD, Michael L. Socol, MD, and 


John Minogue, DMin 
Chicago, Illinois 


Bleeding from the site of cordocentesis can be detected by ultrasound examination; but significant 
hemorrhage into the amniotic fluid rarely occurs. To evaluate the relative contribution of amniotic fluid 
thromboplastins and the quantity of Wharton’s jelly in facilitating coagulation at the puncture site, amniotic 
fluid samples and umbilical cord segments were obtained at cesarean section from 20 patients. After puncture 
of the umbilical vein, bleeding times were measured in amniotic fluid and 0.9% sodium chloride. The quantity 
of Wharton's jelly was assessed by measuring umbilical cord circumference. Mean bleeding times were 
significantly shorter in amniotic fluid compared with saline solution, but there was no consistent relationship 
between bleeding times and umbilical cord circumference. We conclude that properties of amniotic fluid 
facilitate coagulation at the site of umbilical vein puncture. (AM J OBsTET GYNECOL 1989;160:424-6.) 


Key words: Wharton’s jelly, amniotic fluid, hemostasis 


At the time of cordocentesis, bleeding from the um- 
bilical cord is often detected by ultrasound examina- 


tion.' Despite this observation, we are unaware of any . 


reported immediate fetal losses from hemorrhage into 
the amniotic fluid other than one fetus with Glanz- 
mann’s thrombasthenia recently reported by Daffos 
et al. Furthermore, serially sampled fetuses have not 
demonstrated a drop in hematocrit level.” * 

The factors that facilitate this rapid coagulation of 
puncture wounds of the umbilical cord have not yet 
been delineated. Both amniotic fluid thromboplastic 
activity and the physical support of Wharton’s jelly have 
been implicated in limiting blood loss from cordocen- 
tesis, but neither has been studied.’ To test the hy- 
pothesis that coagulation at the puncture site is facili- 
tated by amniotic fluid coagulation factors or the quan- 
tity of Wharton’s jelly, we devised an in vitro model for 
measuring the bleeding time from a puncture wound 
of the umbilical vein. 


Material and methods 


The model for study of in vitro bleeding times is 
depicted in Fig. 1. Paired samples of amniotic fluid and 
umbilical cord were obtained at the time of cesarean 
section. The ends and midportion of the umbilical cord 
segment to be used were ligated with umbilical tape, 
and the segment was then bisected. One half segment 
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Fig. 1. A diagrammatic representation of the in vitro model 
for study of bleeding times as described in the text. 


was submerged in autologous. amniotic fluid and the 
other in 0.9% sodium chloride. This permitted paired 
measurements of bleeding times in the presence and 
absence of amniotic fluid procoagulants, with the 
amount of Wharton’s jelly and fetal coagulation factors 
held constant. The umbilical vein of each half segment 
was simultaneously punctured with a 21-gauge needle 
and the bleeding time, which was defined as the du- 
ration from puncture to visible cessation of bleeding, 
was measured in seconds in each solution. = 

Inclusion criteria were as follows: term scheduled 
cesarean sections, >15 ml of clear amniotic fluid, 
>8 cm umbilical cord, and less than 15 minutes of 
elapsed time from delivery to initiation of study. Grossly 
bloody fluid samples and those contaminated by me- 
conium were excluded, since either would be expected 
to alter bleeding time.'® At the termination of the study, 
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Table I. Comparison of bleeding times in 
amniotic fluid versus 0.9% sodium chloride 





Bleeding times (sec) 






Solution 





Amniotic fluid 34-209 94 + 39,9* 
(W = 20) 
Saline - 44-218 120 + 46.2 
(yY = 20) 
*t = 2.400; p = 0.025 compared with saline solution. 


each card segment was again punctured near the initial 
site to confirm rebleeding, and the remaining blood 
was expressed to rule out an intravascular clot. Data 
from those segments occluded with clot or failing to 
rebleed were excluded from analysis (n = 8). 

The quantity of Wharton’s jelly as measured by um- 
bilical cord circumference was determined by a previ- 
ously described technique." Briefly, this technique re- 
quires gentle stripping of blood from the cord vessels 
and then freezing the specimen at’ ~20° C. Dye im- 
prints are made from three representative sharp cross 
sections. The umbilical cord circumference is derived 
from the mean of triplicate digitizer measurements 
(Numonics No. 1240S-1) of the two best imprints from 
each of the three cross sections. A representative ex- 
ample is shown in Fig. 2. 

The data were analyzed with the paired ¢ test and 
linear regression where appropriate. Significance was 
assumed at the p < 0.05 level. 


Results 


A comparison of bleeding times in amniotic fluid 
versus saline solution for the 20 cases studied is shown 
in Fig. 2. In 16 of 20 samples the bleeding time was 
longer in saline solution than in amniotic fluid by 10 
to 131 seconds; in only four of the samples was the 
bleeding time longer in amniotic fluid. As seen in Table 
I; the mean bleeding time was significantly shorter in 
amniotic fluid compared with saline solution. An ad- 
ditional observation was that the blood that extrava- 
sated from the puncture site of the umbilical cord clot- 
ted in I% of 20 samples of amniotic fluid but in only 
one of the samples of saline solution. 

An insignificant inverse relationship was seen be- 
tween bleeding time in saline solution and cord circum- 
ference, whereas a:weakly significant positive correla- 
tion was observed between bleeding time in amniotic 
fluid and umbilical cord circumference (Fig. 4). 


Comment 


Observations of bleeding times of 34 to 218 seconds 
in our in vitro model compare favorably with the pub- 
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CORD CIRCUMFERENCE: 4.2cm 


Fig. 2. A representative example illustrating the technique for 
determination of umbilical cord circumference. 


lished in vivo bleeding times of 0 to 180 seconds of 
Daffos et al.! The slightly longer bleeding times ob- 
served in vitro probably reflect the advantage of direct 
visualization of the puncture site. The diminishing flow 
of blood observed in vitro over the final 30 to 60 seconds 
is so quantitatively small that it would be unlikely to be 


` appreciated by ultrasound examination. 


Our data suggest that amniotic fluid enhances clot 
formation at umbilical vein puncture sites, whereas 
there was no consistent relationship observed between 
bleeding times and the quantity of Wharton’s jelly. We 
hypothesize that amniotic fluid procoagulants are re- 
sponsible for facilitating coagulation. Thromboplastins 
induce coagulation via the extrinsic pathway and are 
known to be present in amniotic fluid.® In addition, 
it has been reported that there is platelet-aggregating 
activity in amniotic fluid associated with the presence 
of free collagen,"' and this may be of particular rele- 
vance, since puncture wounds are thought initially to 
cease bleeding because of a loose aggregation of plate- 
lets. That some paired samples differed little in bleed- 
ing times and others differed by more than 2 minutes 
is consistent with published data showing wide ranges 
in the thromboplastic activity of amniotic fluid.!? We 
cannot exclude that other factors influence bleeding 
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Fig. 3. Paired in vitro bleeding times in amniotic fluid and 0.9% sodium chloride. 
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Fig. 4. Bleeding times in amniotic fluid and 0.9% sodium 
chloride as a function of umbilical cord circumference. 


time, such as the levels of fetal coagulation factors, al- 
though it has been demonstrated that hemophiliac fe- 
tuses have no greater risk of hemorrhage after cor- 
docentesis.’ Nonetheless, our in vitro data suggest that 
amniotic fluid offers some degree of protection from 
hemorrhage when the puncture site is intra-amniotic. 
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Amnionitis and life-threatening respiratory distress after 
percutaneous umbilical blood sampling 


Isabelle Wilkins, MD, Gail Mezrow, MD, Lauren Lynch, MD; Edward J. Bottone, PhD, 


and Richard L. Berkowitz, MD? 
New York, New York 


Although amnionitis secondary to percutaneous umbilical blood sampling is extremely uncommon, a high 
index of suspicion shouid be maintained and a full evaluation should be initiated if nonspecific signs of 
infection appear within 2 weeks after the procedure is performed. In this case life-threatening adult 
respiratory distress syndrome was a sequela of this complication. (Am J OBSTET GYNECOL 1989;160:427-8.) 


Key words: Percutaneous umbilical blood sampling, amnionitis 


In pregnant women infected with Toxoplasma gondii 
in the first trimester, transmission may occur across the 
placenta and result in a fetus with congenital toxo- 
plasmosis or a stillborn infant. Because approximately 
5% of women infected in the first trimester have af- 
fected fetuses, prenatal diagnosis is appropriate for fur- 
ther counseling. Examination of both amniotic fluid 
and blcod is necessary to fully evaluate the fetus and 
percutaneous umbilical blood sampling has been used 
for this purpose. Although the complication rate as- 
sociated with this procedure has been extremely low, 
we report a case of Corynebacterium B1 amnionitis sec- 
ondary to percutaneous umbilical blood sampling with 
subsequent severe adult respiratory distress syndrome 
after termination of the pregnancy. 


Case report 


A 30-year-old woman, gravida 2 para 0, was found 
during routine screening to have a toxoplasmosis IgG 
titer of 176 IU/ml and a positive IgM titer. The patient 
was started on spiromycin 3 gm daily at 8 weeks’ ges- 
tation, and was offered a percutaneous umbilical blood 
sampling procedure and amniocentesis at 20 weeks’ 
gestation to determine whether there was toxoplasmic 
involvement of the fetus. 

Ultrasonographic examination at the time of the pro- 
cedure was normal. A 22 gauge 9 cm long needle was 
inserted into the uterine cavity with ultrasonographic 
guidance in an effort to obtain blood from a vessel in 
the cord root. This procedure and three subsequent 
needle insertions were unsuccessful. A sample of as- 
pirated amniotic fluid was separated and the cell frac- 
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tion was injected into mice. The supernatant was tested 
for IgG and IgM titers. l 

The patient returned 3 days later for a second per- 
cutaneous umbilical blood sampling procedure at which 
time clindamycin 600 mg was administered because of 
a penicillin allergy. On the fourth needle entry into the 
uterus 3.5 cc of fetal blood was aspirated from a vessel 
in the cord root. The blood was separated and the 
sediment was inoculated intraperitonally into mice. The 
supernatant was tested for IgG and IgM. 

After 6 days the patient had a headache, shaking 
chills, myalgias, and an oral temperature of 100° F. 
Physical examination was negative. Seven hours after 
admission the patient’s temperature rose to 102.3° F. 
Amniocentesis was performed and a Gram stain 
showed gram-positive pleomorphic rods. Vancomycin, 
clindamycin, and trimethoprim-sulfamethoxazole were 
started and the pregnancy was terminated. 

Post partum, the organism in the amniotic fluid was 
identified as a Corynebacterium species belonging to 
group BI and sensitive to vancomycin but resistant to 
clindamycin. All blood cultures were negative. 

On postpartum day 2 the patient had a persistent 
nonproductive cough and shortness of breath. An 
x-ray film of the chest showed bilateral alveolar inter- 
stitial infiltrates suggestive of adult respiratory distress 
syndrome. An arterial blood gas measurement showed 
a Po, of 41.5. The patient was transferred to the in- 
tensive care unit. After the tachypnea worsened the 
patient required a 100% rebreathing mask, and on 
postpartum day 4 she was intubated. Results of a 
bronchoscopy were negative for culture and Gram 
stain. Pneumonia developed in the left lower lobe on 
postpartum day 8 and responsed to another change in 


‘antibiotics. 


Extubation occurred on postpartum day 10 and oxy- 
gen was gradually discontinued during the next 3 days. 
Results of serologic testing and cultures of amniotic 
fluid and fetal blood were negative for toxoplasma. 
Pathologic examination did not show evidence of con- 
genital toxoplasmosis in either the fetus or the placenta. 
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Comment 


The reported incidence of serious side effects asso- 
ciated with percutaneous umbilical blood sampling has 
been extremely low. In general, significant complica- 
tions occur in 1% of procedures.! The most common 
adverse effects are bleeding from the umbilical cord 
and bradycardia, both of which are usually transient. 
Because no case of amnionitis has been reported, most 
centers do not administer prophylactic antibiotics at the 
time of the procedure. 

Nondiphtheria corynebacteria are usually thought of 
as being nonpathogenic in humans. Whereas certain 
species have been ‘reported to infect healthy hosts, 
most attack immunocompromised persons. Toxin- 
producing corynebacteria can cause local and systemic 
disease in healthy human beings; however, the organ- 
ism isolated in this patient was not toxin-producing, as 
assessed with animal inoculation of culture filtrates. 

It is well known that septicemia and pulmonary in- 
fections can produce adult respiratory distress syn- 
drome. Cunningham et al? have published a series of 
articles with regard to 15 pregnant women with acute 
pyelonephritis and subsequent respiratory insuffi- 
ciency with dyspnea, tachypnea, hypoxia, and radio- 
logic evidence of pulmonary infiltrates. The adult re- 
spiratory distress syndrome was thought to be caused 
by endotoxin, which induced alveolar capillary mem- 
brane injury. Those cases contrast with ours because 
the organism isolated in our patient was gram-positive 
and did not produce a detectable exotoxin. 

The symptoms of our patient were not typical of 
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amnionitis, but were similar to the intrauterine infec- 
tions that have been described after chorionic villus 
sampling.® Those patients, as well as ours, had a high 
fever and flu-like symptoms without any signs or symp- 
toms referable to the pelvis. In the patients with infec- 
tion that developed after chorionic villus sampling, 
multiple catheter insertions were needed; in one case 
the insertions were 4 days apart. This is similar to our 
patient who, early in our experience with fetal blood 
sampling, underwent multiple needle insertions during 
two attempted procedures that were 3 days apart. We 
have no doubt that prolonged procedure times, cou- 
pled with multiple needle insertions through the ma- 
ternal skin, increase the likelihood of infection and 
other complications. 

Percutaneous umbilical blood sampling is a useful 
tool in the diagnosis of congenital toxoplasmosis and a 
myriad of other conditions. However, potential risks 
should be weighed when its use is contemplated, and 
any nonspecific signs of infection should be thoroughly 
investigated if they occur within 2 weeks of the pro- 
cedure. | 
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Amniotic fluid erythropoietin predicts fetal distress in 


Rh-immunized pregnancies 


Petri E. J. Voutilainen, MD, John A. Widness, MD, Gisela K. Clemons, PhD, 


Robert Schwartz, MD, and Kari A. Teramo, MD 


Helsinki, Finland, Providence, Rhode Island, and Berkeley, California 


Repeated amniotic fluid erythropoietin measurements in 23 Rh-immunized pregnancies were done to 
evaluate erythropoietin levels of amniotic fluid as an indicator of fetal distress (umbilical artery, pH 7.14 or 
less, or 1-minute Apgar score of 4 or less). Amniotic fluid erythropoietin levels did not vary significantly 
between 168 and 273 gestational days in the pregnancies without fetal distress. Increasing levels of 
amniotic fluid erythropoietin predicted highly reliably severe fetal distress at birth. Whether erythropoietin 
levels of amniotic fluid can also predict fetal distress in other pathologic pregnancies needs further study. 


(Am J OssTet GYNECOL 1989;160:429-34.) 
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Erythropoietin is the primary hormone controlling 
erythropoiesis in both adults’? and fetuses.’ The syn- 
thesis of erythropoietin is principally regulated by hy- 
poxemia,*® and since erythropoietin does not cross the 
placenta,” increased fetal plasma levels of erythropoi- 
etin are indicative of fetal hypoxemia. Elevated eryth- 
ropoietin levels in umbilical cord plasma at birth have 
been observed in growth-retarded infants,”* in infants 
with severe erythroblastosis,® ° and infants of diabetic 
mothers.” 10,11 

A close relationship between amniotic fluid and um- 
bilical plasma erythropoietin has recently been dem- 
onstrated in normal, diabetic, and preeclamptic preg- 
nancies."! 

In the present study an association between an in- 
crease in the amniotic fluid erythropoietin concentra- 
tion and fetal distress at birth was demonstrated in Rh- 
immunized pregnancies. 


Material and methods 


Subjects. Amniocenteses were done on clinical 
indications for bilirubin measurements in 23 Rh- 
immunized pregnant women between 168 and 259 days 
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of gestation. The maternal serum anti-D antibody titer 
ranged from 1:16 to 1:256. The median number of 
amniocenteses per patient was two and ranged from 
one to eight. 

Table I gives clinical data on the patients. Nine pa- 


„tients had spontaneous vaginal deliveries after a du- 


ration of labor ranging from 121 to 350 minutes. 
Thirteen patients were delivered by elective cesarean 
section, the indications of which were severe feta] eryth- 
roblastosis or suspected fetal asphyxia in 11 cases, sus- 
pected chorioamnionitis in one case, and breech pre- 
sentation in one case. One patient was delivered by 
cesarean section after 215 minutes of labor. Erythro- 
poietin measurements did not influence clinical deci- 
sion. Gestation at delivery ranged from 183 to 279 days. 

Measurements and analyses. Amniotic fluid samples 
for erythropoietin measurement were obtained on the 
day of delivery in eight of the nine patients delivering 
vaginally and in 12 of the 14 patients who had a ce- 
sarean section. In the vaginally delivered patients, the 
amniotic fluid was obtained transcervically via an en- 
doscope when the membranes were ruptured for in- 
duction of labor. In the patients undergoing an elective 
cesarean section, the amniotic fluid sample was ob- 
tained by amniocentesis through the uterine wall or the 
exposed fetal membranes immediately before the de- 
livery of the infant. In three of the 23 subjects the last 
amniotic fluid sample was obtained 1 to 3 days before 
delivery. 

The umbilical cord was doubly clamped at delivery 
before the first cry of the infant. The doubly clamped 
cord and the blood samples were kept on wet ice until 
analyzed or centrifuged for separation of plasma. Um- 
bilical artery blood was drawn into heparinized syringes 
for pH, base excess, and blood gas measurements, 
which were done within 15 minutes after delivery by 
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Table I. Clinical data on 23 Rh-immunized pregnancies; fetal distress defined as a 1-minute Apgar score 


of 4 or less or umbilical artery pH of 7.14 or less _ 







No. of 
intraperitoneal 
transfusions 







Gestation 


Nondistressed fetuses 


l 3+ 1 0 265 
2 2+ 1 0 269 
3 2+ 1 0 272 
4 4+2? 0 260 
5 2+1 0 267 
6 l+1 0 259 
7 1+ 1 6 251 
8 3+ ] ] 248 
9 3+ ] 0 231 
10 2+ 0 0 259 
11 2+ 1 0 261 
12 1+ 0 0 279 
13 1+ 0 0 257 
14 1+ 1 0 260 
15 1+ 2 5 247 
16 1+ 0 0 257 
17 3+ 0 2 (H) ! 237 
Distressed fetuses 
18 1+ 0 0 264 
19 1+ 2 2 (H) 232 
20 (D) 2+ 0 0 (H) 243 
21 (D) 1+ 0 2 (H) 194 
22 (D) 2+ 3 2 210 
23 (D) 2+0 0 (H) 183 





























Mode Birth Apgar score No. of 
of weight exchange 
delivery transfusions 
SpV 3290 7 10 l 
SpV 3130 9 l 
SpV 3800 9 0 
SpV 3270 8 0 
SpV 3460 9 l 
CS 2270 9 0 
CS 2870 6 9 2 
CS 2790 9 3 
CS 1930 8 3 
SpV 3670 8 ] 
SpV 3140 9 2 
CS 4130 9 l 
SpV 2880 9 2 
CS 3010 9 6 
CS 2770 9 5 
CS 2840 9 2 
CS 2540 9 5 
SpV 2330 9 J] 
CS 2950 3 5 7 
CS 2510 5 7 4 
CS 1290 l 4 9 
CS 1550 ] 3 8 
CS 1250 ] 0 0 


SpV, Spontaneous vaginal; CS, cesarean section; (H), hydropic fetus; (D), neonatal death. 
*Recorded only for newborn infants with 1-minute Apgar score of 7 or less. 


means of the Corning pH/blood gas analyzer (Model 
178). Hemoglobin concentration and the reticulo- 
cyte count were determined in umbilical vein blood 
at delivery. The condition of the newborn infant was 
evaluated by Apgar scores at 1 and 5 minutes of 
age. 

Bilirubin concentration in the amniotic fluid was de- 
termined spectrophotometrically at 450 Hmp with 
chloroform extraction for blood-stained samples.” 
Concentrations of erythropoietin were analyzed in du- 
plicate both in umbilical vein plasma and the amniotic 
fluid by a radioimmunoassay." Amniotic fluid samples 
were made up in equal volumes of 5 gm/dl of bovine 
serum albumin to raise the protein content to the range 
used in the standards and plasma. Serial dilutions of 
the reference standard were linear between 5 and 100 
mU/ml. The inter- and intra-assay coefficients of vari- 
ation were 8.8% to 13.2% and 6.4% to 9.9%, respec- 
tively. 

The BMDP statistical package was used in the anal- 
ysis of the data. Erythropoietin and amniotic fluid bil- 
irubin values were transformed to their natural loga- 
rithmic equivalents to reduce skewness before analysis. 
The Wilcoxon rank-sum test was used in the compar- 
ison of nonparametrically distributed variables between 


groups. 


The relationship between amniotic fluid erythropotl- 
etin and umbilical plasma erythropoietin was analyzed 
by linear regression analysis and by calculating the 95% 
confidence limits for individual patients." Spearman 
rank correlation coefficient and product moment cor- 
relation were used to describe association between se- 
lected parameters. 

Ln amniotic fluid erythropoietin level in the last sam- 
ple and the rate of change in the In amniotic fluid 
erythropoietin level calculated from the last two sam- 
ples were used as predictors of fetal distress. Rate of 
change was calculated as the difference in In amniotic 
fluid erythropoietin concentration divided by the num- 
ber of days between the samples. If the erythropoietin 
level of amniotic fluid in the last sample was below the 
+1 SD level of the mean of healthy normal pregnancies 
(14.2 mU/ml),"’ the rate of change was considered zero. 

A linear regression line describing the changes in In 
amniotic fluid erythropoietin during pregnancy was 
calculated for each nondistressed patient. A regression 
line describing the mean trend of In amniotic fluid 
erythropoietin in Rh-immunized nondistressed preg- 
nancies was calculated from the individual regression 
lines. Two patients were excluded from this analysis 
because the time between the first and the last sample 
was less than 1 week. 
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Table IJ. Amniotic fluid and umbilical cord blood data in 23 Rh-immunized pregnancies 


Erythropovetin 


Umbilical Amniotic 
plasma fluid 
(mU/ ml) (mU/ ml) 












Amniotic 
fruid 


biltrubin* 






Case 





Nondistressed fetuses 


I 0.020 43.2 18.0 TAT 
2 0.005 46.7 9.3 7.30 
3 0.095 10.6 5.2 7.28 
4 0.001 100.0 16.9 7.31 
5 0.028 66.5 13.5 NA 
6 0.010 75.3 11.4 7.32 
7 0.102 27.1 13.3 7.26 
8 0.035 26.5 8.4 1.27 
9 0.105 133.2 39.1 7.34 
10 0.040 ` 49.2 13.5 7.33 
jal 0.040 33.1 14.1 7.47 
12 0.050 216.7 46.5 7.23 
13 0.045 NA Ill 7.34 
14 0.075 95.2 17.3 7.28 
15 0.140 47.5 8.5 7.29 
15 0.080 39.7 30.5 7.32 
17 0.070 95.3 15.1 7.28 
Distressed fetuses 
18 0.030 600.0 48.6 7.08 
19 0.177 632.0 91.1 7.29 
20 0.150 272.1 29.0 6.98 
21I 0.525 5210.0 255.0 7.14 
22 0.430 120.4 54.1 7.23 
Ze 2.520 394.0 74.2 7.28 
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Umbilical artery Umbilical vein 








Reticulocytes 
(%) 


—4.6 14.5 168 9 
—0.5 17.6 167 4 
SD 14.6 161 6 
=36 21.0 159 18 
NA NA 145 6 
—0.1 16.7 144 6 
=—3.9 16.7 128 2 
= 2.9 20.4 115 9 
ae 18.9 110 18 
=2.5 24.6 109 7 
soe 43.9 108 4 
— 4.7 13.0 105 9 
—4,] NA 103 12 
—0.1 10.5 99 3 
— 5.4 32.2 92 3 
—0.1 18.7 83 4 
05 27.1 82 NA 
= 18.5 18.3 173 14 
= 3.4 7.3 56 20 
=17,3 28.2 48 19 
— 10.8 19.2 46 26 
—4.5 20.8 46 5 
-5.8 24.0 33 17 


*Optical density at 450 Hmp (obtained 1 to 24 days before delivery; median 3 days) 


Results 


Table I gives the clinical data and Table II the bio- 
chemical data of the newborn infants. Amniotic fluid 
bilirubin levels ranged from 0.001 to 2.520 (optical den- 
sity of 450 um peak). Seven fetuses received one to six 
intraperitoneal transfusions with packed red cells be- 
cause of high bilirubin levels in the amniotic fluid. Four 
of the newborn infants had a 1-minute Apgar score of 
4 or less. In three cases the umbilical artery pH was 
7.14 orless at birth. The median of the umbilical venous 
hemoglobin was 107 gm/L (range, 33 to 173 gm/L). 
The median of the reticulocytes was 7.5% (range, 1.8% 
to 26%;. The number of exchange blood transfusions 
during the neonatal period ranged from zero to nine 
(median, two). Severe fetal distress (umbilical artery pH 
7.14 or less or 1-minute Apgar score of 4 or less) was 
present in six of the 23 cases. Of these six, four infants 
died. One (case 20) died at the age of 2 days as a result 
of a complication of a blood transfusion, one (case 21) 
at the age of 21 days because of intracerebral hemor- 
rhage and bronchopulmonary dysplasia associated with 
immaturity, one (case 22) at the age of 4 days because 
of hyaline membrane disease, and one (case 23) im- 
mediately after birth because of immaturity and severe 
erythroklastosis. 

Both umbilical plasma and amniotic fluid eryth- 
ropoietin concentrations were significantly higher 


(p < 0.001) than in normal control subjects." Amniotic 
fluid erythropoietin obtained either at induction for 
vaginal labor or at cesarean section (in three patients 1 
to 3 days before birth) correlated highly significantly 
with the umbilical plasma erythropoietin levels (F ig. 1). 
There was no statistically significant difference in the 
regression of amniotic fluid by umbilical plasma eryth- 
ropoietin between patients with or without labor. 

Bilirubin levels in amniotic fluid corrected for ges- 
tational age’* correlated statistically significantly both 
with umbilical plasma and amniotic fluid erythropoietin 
(Table II). 

Both umbilical plasma and amniotic fluid erythro- 
poietin correlated statistically significantly with the 1- 
minute Apgar scores and umbilical artery base excess 
and with umbilical vein hemoglobin and reticulocytes 
(Table III). 

‘In repeated erythropoietin measurements of amni- 
otic fluid done between 168 and 273 days of gestation, 
there was no significant trend in the erythropoietin 
level in the pregnancies without fetal distress (F ig. 2). 

Fetal distress could be predicted highly significantly 
by the erythropoietin concentration in the last amniotic 
fluid sample (p < 0.001). However, the range of the In 
amniotic fluid erythropoietin concentration of the six 
distressed fetuses (3.37 to 5.54) included three of the 
17 nondistressed fetuses (range, 1.65 to 3.84). 
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r=0.907 
p< 0.001 


` Ln AMNIOTIC: FLUID Ep 





O 1 2 3 4 5 6 7 8 9 
Ln UMBILICAL PLASMA Ep 


Fig. 1. Correlation of umbilical plasma and amniotic fluid 
erythropoietin in Rh-immunized pregnancies. @ , Spontaneous 
vaginal, delivery; ©, cesarean section. The regression line’ (In 
AF Ep = 2.56 + 0.62 x In Umb Ep) and the 95% confidence 
limits of umbilical erythropoietin predicted by amniotic fluid 
erythropoietin are shown. Ln Af Ep, natural logarithm of am- 
niotic fluid erythropoietin; In Umb Ep, natural logarithm of 
umbilical cord plasma erythropoietin. 


The rate of change in the erythropoietin concentra- 
tion calculated from the last two amniotic fluid samples 
was also a highly significant predictor of fetal distress 
(p < 0.001). When this parameter was used, the range 
of the distressed fetuses (0.054 to 0.125) included none 
of the 17 nondistressed. fetuses (range, — 0.223 to 
0.043; Fig. 2). 


t 


Comment 


The degree of anemia correlates directly with plas- 
ma erythropoietin įn adult humans without renal dis- 


ease. '© Our results indicaté that the degree, of fetal . 


hemolytic anemia caused by maternal Rh immunization 
is also directly related to fetal plasma erythropoietin 
levels. This confirms the original observations by 
Finne.”* The observed good correlation between um- 
bilical plasma erythropoietin and the number of retic- 
ulocytes in cord blood indicates that erythropoietin also 
has an important physiologic role in the fetal eryth- 
ropoiesis. Our results indicate further that the human 
fetus can respond to severe anemia by increased eryth- 
ropoietin synthesis already at two thirds of gestation. 
Although fetal erythropoietin synthesis and its regu- 
lation are not well’ understood, it is clear that hypoxia 
also stimulates erythropoietin synthesis in the fetus. 
Antepartum-induced, hypoxia hasbeen found to in- 
crease plasma erythropoietin in chronically catheter- 
ized sheep and goat fetuses. 5.17.18 At least 3 to 4 hours 
of ‘moderate to’ severe hypoxemia is needed before 
erythropoietin starts to increase in the fetal plasma.” 
Fetal hypoxia is relatively common in pregnancies 
complicated by preeclampsia, ‘diabetes, or Rh immu- 
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nization. Elevated erythropoietin levels in umbical cord 
plasma at birth have been reported in these pathologic 
pregnancies.” * '°'' Increased erythropoietin levels in 
umbilical plasma in these groups are probably caused 
by chronic intrauterine hypoxia, a-though umbilical ar- 
tery Po, did not correlate with fetal erythropoietin 
levels at birth in the present stucy. This could be ex- 
plained by rapid changes in fetai Po, levels during a 
cesarean section. It has been shown in fetal sheep that 
fetal acidemia without hypoxia dces not influence fetal 
erythropoietin levels." 

Amniotic fluid erythropoietin correlates significantly 
with umbilical plasma erythropoietin concentrations in 
normal pregnancies and pregnancies complicated by 
hypertension or diabetes mellitus." The results of the 
present study show that amniotic fluid erythropoietin 
also correlates highly significantly with umbilical plasma 
erythropoietin in Rh-immunized pregnancies. 

‘The’ close correlation between umbilical plasma 
erythropoietin and amniotic fluid erythropoietin values 
strongly suggests that amniotic fluid erythropoietin is 
of fetal origin. This is also supported by the observation 
that erythropoietin does not cross the placenta in sheep 
or goats.» The most likely route of fetal erythropoietin 
into the amniotic fluid is via fetal urine.” 

Amniotic fluid erythropoietin did not vary signifi- 
cantly between 168 and 273 days of gestation in Rh- 
immunized pregnancies without fetal distress. “This ob- 
servation does not support the observation of Thomas 
et al., who reported a fourfolc increase in fetal um- 
bilical plasma levels between 175 and 280 days of ges- 
tation in apparently normal pregnancies. However, in 
the study by Thomas et al., patient data were clinically 
heterogeneous and the samples were obtained cross 
sectionally. 

_ The’ main finding of the present study was that am- 
niotic fluid erythropoietin increased markedly in fetal 
distress caused by severe erythroblastosis, As expected, 
the rate of the increase of amniotic fluid erythropoietin 
was a‘ better indicator of fetal distress than the last am- 
niotic fluid erythropoietin value alone. When the rate 
of change of amniotic fluid erythropoietin values was 
calculated for the six distressed fetuses, none of the 17 
nondistressed fetuses had an ircrease in amniotic fluid 
erythr opoietin within the corresponding range of the 
distressed fetuses. _ 

-Three cases (Nos. 9, 12, ard 16) of nondistressed 
fetuses had amniotic fluid erythropoietin levels clearly 
above the level of amniotic fluid erythropoietin values 
of healthy control infants at term (Fig. 2). Umbilical 
vein hemoglobin values at birth in these three border- 
line cases ranged from 83 to 110 gm/L. Thus it is pos- 
sible that moderate fetal anemia, at least in some cases, 
will stimulate fetal erythropoietin synthesis without 
clinically identifiable fetal distress. 
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Fig. 2. Serial amniotic fluid erythropoietin levels in 23 Rh-immunized pregnancies. @ ®, Cases 
with fetal distress; O ©, nondistressed cases with high amniotic fluid erythropoietin levels. Num- 
bers in Fig. 2 refer to the case numbers in Tables I and II. The mean amniotic fluid erythropoietin 
as a function of gestational days for the nondistressed cases can be calculated as follows: In AF 
Ep = 1.4 + 0.0057 x gestation. In AF Ep is natural logarithm of amniotic fluid erythropoietin. 
Standard error of the regression coefficient was 0.0052. 








Table III. Correlation coefficients between umbilical plasma and amniotic fluid erythropoietin and 
selected perinatal parameters 





]-min Apgar score* 22 — 0.491 0.020 23 — 0.621 0.002 
Umbilical artery pH 21 =0.535 0.011 22 — 0.406 0.060 
Umbilical artery base excess 21 — 0.583 0.005 22 — 0.423 0.049 
Umbilical artery Pco, 21 -0.141 0.546 22 0.157 0.490 
Umbilical artery Po, 20 —0.165 0.481 21 -0.212 0.361 
Umbilical vein hemoglobin 22 — 0.505 0.015 23 — 0.601 0.002 
Umbilical vein reticulocytes 21 0.800 0.001 22 0.698 0.001 
Amniotic fluid bilirubin 22 0.458 0.031 23 0.446 0.032 





*Rank correlation. 
tCorrected for gestational age. 


These results suggest that amniotic fluid erythro- 
poietin can be used: to detect fetal distress in pregnan- 
cies complicated by severe Rh immunization. Because 
amniotic fluid erythropoietin levels were not used clin- 
ically in the decisions of management, the hypothesis 
that amniotic fluid erythropoietin could predict fetal 
distress in a clinical situation must be tested by further 
studies. The close correlation between amniotic fluid 
erythropoietin and umbilical plasma in pregnancies 
complicated by preeclampsia or diabetes" suggests that 
amniotic fluid erythropoietin could also be used in these 
pregnancies as an antenatal indicator of chronic intra- 
uterine distress. | l 
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Angiographic embolization of intractable puerperal hematomas 


Homer G. Chin, MD, David R. Scott, MD, Robert Resnik, MD, Gary B. Davis, MD, and 


Alan L. Lurie, MD 
San Diego, California 


Puerperal hematomas may not respond to conventional therapy, including vaginal packing, drainage, and 
hypogastric artery ligation. Two cases are presented in which selective angiographic arterial embolization 
was used to manage this potentially lethal complication. (Am J Opstet GYNECOL 1989;160:434-8.) 


Key words: Angiographic embolization, puerperal hematoma 


The formation of a pelvic hematoma in the puer- 
perium is a rare but potentially life-threatening com- 
plication. The reported incidence ranges from 1/309 
to 1/12,495 deliveries.' If. only those cases requiring 
surgical intervention are considered, a more realistic 
frequency is approximately 1/900 births.” Earlier re- 
ports suggested a maternal mortality risk of 21% for 
vulvovaginal hematomas’ to 73% for subperitoneal he- 
matomas,’ although the liberal use of blood transfusion, 
aggressive surgical intervention, and antibiotics have 
dramatically reduced serious sequelae. Nevertheless, 
puerperal hematomas may be potentially lethal if active 
management, such as vaginal packing and drainage, or 
more aggressive surgical intervention utilizing hypo- 
gastric artery ligation fails to halt hemorrhage and he- 
matoma formation. The purposes of this report are to 
describe two cases of life-threatening puerperal he- 
matoma treated by selective angiographc arterial em- 
bolization and to review the management of this po- 
tentially serious obstetric complication. 
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Case reports 


Case 1. Patient Y. M. was a 36-year-old woman (grav- 
ida 4, para 4) who underwent a low forceps delivery 
under saddle-block anesthesia after a normal labor and, 
prenatal course. A midline episiotomy was performed 
and repaired and no genital tract lacerations were 
noted. The estimated blood loss during delivery was 
300 ml. Two hours after delivery, she underwent an 
uneventful Pomeroy bilateral tubal ligation through a 
small midline abdominal incision. Her preoperative he- 
matocrit was 34%. After the operation the patient com- 
plained of marked perineal pain, and examination re- 
vealed a large left vulvovaginal hematoma involving the 
entire left vaginal wall. She was returned to the oper- 
ating room and given spinal anesthesia. An incision was 
made along the lower third of the vaginal wall overlying 
the hematoma and blood clots were evacuated. No spe- 
cific bleeding sites were’ found. A Penrose drain was 
placed and a vaginal pack was inserted. Her postop- 
erative hematocrit was 24%. 

Over the next 62 hours, the patient was observed to 
have continued bleeding through the drain. Her pulse 
was 120 to 140 beats/min and blood pressure was 
140/70 mm Hg. She refused transfusion of blood and 
blood- components because of religious convictions 
and was transferred to the University of California, 
San Diego Medical Center. 

On admission, her hematocrit was 13% and she was 
transported to: the angiography unit, where she un- 
derwent pelvic arteriography according to the Seldin- 
ger technique.’ Results showed contrast extravasation 
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Fig. 1. A, Bifurcation aortogram during arterial phase. Bleeding vaginal branch (arrowhead) arises 
from internal pudendal artery (arrow). B, Same injection during late venous phase. Contrast ex- 


travasation is seen immediately above left superior pubic ramus, 


from the left internal iliac artery low in the pelvis ( Fig. 
l). Selective catheterization of the left internal iliac ar- 
tery demonstrated contrast extravasation from a vagi- 
nal branch of the internal pudendal artery. The distal 
internal pudendal artery was catheterized and embo- 
lized with four 2 x 4 mm Gelfoam particles (Upjohn 
Company, Kalamazoo, Mich.). A 3 mm Gianturco coil 
was placed in the anterior division of the left internal 
iliac artery. A final injection of the internal iliac artery 
showed no further contrast extravasation and occlusion 
of the bleeding vaginal branch. the uterine arterv, and 
the internal pudendal artery (Fig. 2). The patient was 
transterred to the intensive care unit for observation. 
Total blood loss from the time of delivery was estimated 
to be 4000 ml. Vital signs remained stable, with a 
blood pressure of 130/80 mm Hg and a pulse of 140 
beats/min. Urinary output exceeded 100 ml/hr, Intra- 
venous cefaxolin therapy was administered. On the sec- 
ond hospital day, her hematocrit reached a nadir of 
9.6%. Vaginal bleeding was negligible, and her vaginal 
pack and Penrose drain were removed. She was treated 
with an oral iron preparation. 

Recovery continued to be uneventful until the 
eighth postpartum day, when het temperature rose to 
101.5° F. Pelvic examination revealed a firm mass ex- 
tending along the left vaginal wall and a foul-smelling 
discharge. Intravenous treatment with ampicillin, gen- 
tamicin, and clindamycin was initiated, and she was 
taken to the operating room for debridement, Exam- 
ination with the patient under anesthesia revealed a 
deep draining cavity on the left vaginal wall with sur- 
rounding woody induration. The area was debrided 
and irrigated with copious amounts of dilute povidone- 
iodine solution. Cultures subsequently grew Proteus mir- 
abilis, Streptococcus faecalis, Bacteroides melaninogenicus, 





Fig. 2. Selective lett internal iliac arteriogram after emboli- 
zaton. Note the occlusion of vaginal artery and internal pu- 
dendal artery and residual contrast extravasation from pre- 
vious injections. The lack of washout of this contrast material 
over time is a sign that bleeding has ceased. 


B. fragilis, and Peptostreptococcus. Antibiotic therapy was 
continued and the vagina was irrigated with half- 
strength Dakin’s solution three times a day. The re- 
mainder of her hospital course was unremarkable, and 
she was discharged home on day 13, with a hematocrit 
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Fig. 3. A, Selective left internal iliac arteriogram before embolization. Marked extravasation from 
vaginal (black arrow) and vulvar (white arrow) brane hes of internal pudendal artery. B, Selective left 


internal iliac arteriogram after embolization. There ts o clusion of internal pudendal artery and 


branches. Note continued patency of left uterine artery (arrows), which was subsequently embolized, 


and coils in right internal iliac artery (arrowhead). 


of 15.4%. One month after discharge, her hematocrit 
was 25% and she continued to have an unremarkable 
recovery. 

Case 2. Patient S. A., a 24-year-old woman (gravida 


2, para 2), presented in labor with a 3-day history of 


dark urine and light-colored stools and a 1-day history 
of fatigue, malaise, anorexia, nausea, and vomiting. 
Physical examination revealed that she was jaundiced 
and had scleral icterus. Laboratory study results on 
admission were as follows: hematocrit, 31.8%; pro- 
thrombin time, 15.0 seconds (control 12.5 seconds); 
partial thromboplastin time, 35 seconds (control 31 sec- 
onds); platelets, 65,000 cells/mm"; serum oxalacetic 
transaminase, 395 U/L (normal 10 to 45 U/L); serum 
glutamic transaminase, 472 U/L (normal 10 to 45 
U/L); total bilirubin, 4.2 mg/dl (normal <1.2 mg/dl); 
and alkaline phosphatase, 442 U/L (normal 30 to 200 
U/L). After an uneventful labor, the patient underwent 
a midforceps delivery over a midline episiotomy with 
saddle-block anesthesia. A left lateral and anterior wall 
vaginal hematoma developed rapidly and was managed 
with suturing and placement of a vaginal pack. Two 
hours after delivery, the patient continued to have vag- 
inal bleeding and pain and was hypotensive, with a 
blood pressure of 70/30 mm Hg. She was returned to 


the operating room, where she was found to have an 
expanding vaginal hematoma and bleeding from all 
suture sites. She received transfusion with 3 units ol 
packed red blood cells and had a posttransfusion he- 
matocrit of 23% before being transferred to the Um- 
versity of California, San Diego Medical Center. 

On her arrival, additional laboratory studies were 
performed, with the following results: hematocrit, 
18.3%; platelets, 26,000 cells/mm’; prothrombin time, 
18.8 seconds (control 11.7 seconds); partial thrombo- 
plastin ume, 49 4 seconds (control 26.5 seconds); fi- 
brinogen, 93 mg/dl (normal 400 to 650); results of test 
for fibrin degradation products positive at 1:20 dila- 
tion: and an antithrombin III level of 16%. The initial 
diagnoses were acute fatty liver of pregnancy, dissem- 
inated intravascular coagulation, and vaginal hema- 
toma secondary to birth trauma. Transfusion of packed 
red blood cells, cryoprecipitate, platelets, and fresh- 
frozen plasma was begun. Because of persistent vaginal 
bleeding, the patient was taken to the operating room 
and placed under anesthesia for an examination. Pro- 
fuse arterial bleeding was encountered and 500 ml of 
blood clots was evacuated from the vaginal vault. A 
large left vaginal wall laceration was found, along with 
multiple superficial anterior and right vaginal wall lac- 
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erations. Furthermore, a large firm pelvic mass was 
palpated that displaced the uterus cephalad and to the 
right. Attempts to identify and suture specific bleed- 
ing vessels were not successful. Intraoperative blood 
loss was estimated to be 2000 to 3000 ml. She was 
transported to the angiography unit, where pelvic 
arteriography revealed massive extravasation from 
the left uterine and distal internal pudendal arteries 
(Fig. 3, A) and moderate extravasation from the same 
branches of the right hypogastric artery. These bleed- 


ing branches were selectively embolized by the use of 


Gelfoam particles and 3 mm Gianturco-type coils. Be- 
cause of continued extravasation on the right side, the 
right hypogastric artery itself was embolized below the 
inferior gluteal artery. Films after embolization re- 
vealed no further extravasation and occlusion of the 
embolized arteries (Fig. 3, B). Intravenous treatment 
with cefotetan and gentamicin was initiated. 

The next day the patient once again had vaginal 
bleeding and was therefore returned to the angiogra- 
phy unit. Repeat arteriography revealed minimal ex- 
travasation in the area of the uterine fundus and the 
left uterine artery was embolized, again resulting in 
hemostasis. The next morning, the patient was febrile 
(38.4° C) and her antibiotic regimen was changed to 
ampicillin, gentamicin, and cleocin. Materials for blood 
cultures were obtained and were subsequently negative. 
The vaginal pack was removed and the patient again 
developed persistent vaginal bleeding, which resulted 
in a drop of her hematocrit from 29% to 24%. She was 
taken to the operating room, where examination re- 
vealed a bleeding vessel immediately inside the left la- 
bium major. This vessel was ligated and a vaginal pack 
was inserted. The vaginal packs were removed 4 days 
later and the patient had no further bleeding. 

The patient's liver dysfunction and disseminated in- 
travascular coagulation gradually resolved with inten- 
sive monitoring and support. She required a total of 
33 units of blood, 11 units of cryoprecipitate, 63 units 
of platelets, and 34 units of fresh-frozen plasma. She 
was discharged on hospital day 12. 


Comment 


Puerperal hematomas are most commonly caused by 
either birth trauma or improper hemostasis at the time 
of episiotomy repair. A number of associated factors 
have also been recognized, such as primiparity, oper- 
ative delivery, large fetal weight, toxemia, varicosities 
of the genital tract, and prolonged second stage of la- 
bor.^” Conversely, they may occur spontaneously with- 
out associated risk factors. In any event, excessive per- 
ineal pain shortly after delivery, as was experienced by 
these two patients, is the hallmark symptom and its 
presence necessitates gentle pelvic examination to ex- 
clude or confirm a hematoma. 

Conventional management of expanding puerperal 
hematomas includes evacuation, ligation of bleeding 
vessels, and packing. Occasionally these measures are 
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not successful, and attempts to search for specific bleed- 
ing vessels may be impossible due to the distortion and 
friability of the tissue." In this situation, hypogastric 
artery ligation or hysterectomy is often necessary to 
attain hemostasis.” * 

Hypogastric or internal iliac artery ligation to control 
pelvic hemorrhage was first described in 1888 and has 
been used to control intractable hemorrhage in pelvic 
malignancy, postpartum hemorrhage, and both intra- 
operative and postoperative vaginal bleeding.” '” The 
extensive collateral circulation to the distal hypogastric 
arteries ensures normal reproductive function and pre- 
cludes ischemic damage even after bilateral proximal 
hypogastric artery ligation. Burchell demonstrated 
that after bilateral hypogastric artery ligation, pulse 
pressure in the arteries distal to the ligation decreased 
by 85%, but blood flow decreased only by 48%. There- 
fore ligation essentially converts an arterial system into 
a venous one, but does not eliminate blood flow. 

Because of the extensive collateral circulation to the 
distal hypogastric artery, proximal hypogastric artery 
ligation is not always effective in the treatment of pelvic 
hemorrhage." '*' Jewett”? reported a case of maternal 
death due to a vaginal hematoma resulting in hemor- 
rhage that was unresponsive to either hypogastric ar- 
tery ligation or total abdominal hysterectomy. Others 
have reported similar cases of combined vulvar and 
retroperitoneal hematomas that were also not respon- 
sive to either bilateral hypogastric artery ligation or 
total abdominal hysterectomy.” Failure of proximal hy- 
pogastric artery ligation to control bleeding after hys- 
terectomy from the vaginal vault has also been re- 
ported." Reconstitution of the distal hypogastric artery 
from collateral circulation has been documented by ar- 
teriography after proximal hypogastric artery ligation 
for postpartum hemorrhage." 

More recently, an alternative technique of angio- 
graphic arterial embolization to control intractable 
hemorrhage has been described and used in a variety 
of clinical settings.’*'” The most common application 
of selective arterial embolization in gynecology has 
been in treating bleeding from carcinoma of the 
cervix.” '*!*2 This technique has also been successfully 
used in patients with postoperative hemorrhage after 
hysterectomy or cesarean section'' or with postpartum 
hemorrhage."* Finally, the technique has been reported 
to halt intractable bleeding in a patient with a puerperal 
hematoma." Unlike the two patients presented here, 
the patient reported by Brown et al.” had undergone 
abdominal hysterectomy as well as hypogastric artery 
ligation without success. 

Briefly, the procedure is performed by use of the 
Seldinger approach through the femoral artery. A base- 
line aortogram is first obtained to outline the pelvic 
vasculature and identify bleeding sites by extravasation 
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of contrast material. The catheter is then advanced dis- 
tally into the specific bleeding vessel and embolization 
is performed by a variety of different materials. Finally, 
a postembolization arteriogram is obtained to ensure 
complete embolization of the bleeding vessels and to 
demonstrate no further extravasation of contrast ma- 
terial from either the ipsilateral or contralateral collat- 
eral circulation. The procedure is performed with the 
use of mild sedation and can usually be completed in 
l to 2 hours." ™ 

The choice of material used for embolization de- 
pends on the size of the vessel to be embolized and the 
duration of occlusion that is desired. Autogenous blood 
clots have the advantages of nonantigenicity as well as 
easy conformity to vessel size. However, this material 
is rarely used any more because of its short duration 
of occlusion and high incidence of rebleeding. Gel- 
foam, a sterile absorbable sponge, is probably the most 
commonly used material in gynecologic hemorrhage 
and was used in the two patients we reported. It may 
be cut into small cubes and is usually suspended in a 
few milliliters of saline solution and contrast medium. 
The size and number of cubes can be tailored to the 
size of the vessel and, like autogenous blood clots, Gel- 
foam is nonantigenic. The duration of occlusion is 2 to 
3 weeks and the potential for restoration of vascular 
continuity is good.* ° Other materials used include steel 
coils and polyvinyl alcohol particles.'" " 

The reported success rate of angiographic arterial 
embolization in patients with bleeding below the dia- 
phragm is 92%, and is even higher in gynecologic pa- 
tients because of the length of the hypogastric artery 
and its accessibility to catheterization.'’ ™ Bleeding can 
usually be controlled in 30 to 60 minutes. Failures are 
likely to occur in patients who have already undergone 
bilateral hypogastric artery ligation as part of their 
therapy before angiographic attempts, because the sur- 
gical procedure obviously precludes catheterization of 
deep pelvic vessels.'* Angiographic embolization should 
therefore be considered early in a patient’s course. No 
deaths due to the procedure have been reported in 
gynecologic patients. 

Potential complications of angiographic embolization 
include inadvertent embolization of uninvolved pe- 
ripheral vessels and ischemic complications involving 
local or peripheral tissues. The former complication 
usually occurs because of low blood flow, allowing re- 
flux of the emboli. Reflux should occur very rarely in 
vessels with high blood flow, such as those of the hy- 
pogastric system.* The extensive collateral circulation 
protects against ischemic complications after emboli- 
zation when large particulate emboli are used.” '* 
Ischemic damage of local tissue has been described af- 
ter the use of Gelfoam powder, which results in pe- 
ripheral occlusion.” 

In conclusion, we have presented two patients with 
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serious sequelae after the development of puerperal 
pelvic hematomas who responded dramatically to se- 
lective arterial embolization. This technique appears to 
be more effective in controlling persistent pelvic hem- 
orrhage than that of hypogastric artery ligation and has 
minimal associated complications. In the specific in- 
stance of persistence of bleeding and hematoma for- 
mation after conventional management of clot evacu- 
ation and vaginal packing, the procedure should be 
considered and used early in the course of treatment, 
to prevent more serious hemorrhagic complications. 
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Prednisone does not prevent recurrent fetal death in women 


with antiphospholipid antibody 


Michael D. Lockshin, MD, Maurice L. Druzin, MD," and Tasneem Qamar, MA* 


New York, New York 


Effects of therapy, antibody titer, and pregnancy history on pregnancy outcome were evaluated in 
pregnancies of women with antiphospholipid antibody. Prior fetal death and a high antiphospholipid 
antibody titer (>40 IgG phospholipid units) contributed independently, in an additive manner, to current 
fetal loss. Twenty-one pregnancies occurred in asymptomatic women who had both prior fetal death and a 
high IgG antiphospholipid antibody titer. In this very high-risk group, 9 of 11 (82%) of pregnancies treated 
with prednisone, 10 to 60 mg/day, ended in fetal death, compared with 5 of 10 (50%) not treated with 
prednisone (p ~ 0.01, life-table analysis). Of pregnancies treated with aspirin, 80 mg/day, 9 of 14 (64%) 
treated and 5 of 7 (71%) not treated with prednisone had a fetal death (difference not significant). 
Prednisone does not improve, and may worsen, current fetal outcome in asymptomatic pregnant women 
with a high antiphospholipid antibody titer and prior fetal death. (Am J OBSTET GYNECOL 1989;160:439-43.) 


Key words: Anuphospholipid antibody, fetal death, prior fetal death, prednisone therapy 


Pregnant women with a high antiphospholipid an- 
tibody titer have a high probability of suffering mid- 
pregnancy fetal death.’ Because many of these women 
have serologic or clinical findings of systemic lupus 
erythematosus, a disease frequently treated with cor- 
ticosteroids, many have received high-dose corticoste- 
roids for the purpose of improving pregnancy prog- 
nosis. Because an associated complication of anti- 
phospholipid antibody is spontaneous thrombosis,’ 
other pregnant women have received aspirin or hep- 
arin. Enthusiasm for these therapies has been sup- 
ported by several small studies reporting improved 
rates of fetal survival in women when treated than when 
„they are not treated.“ However, in our experience an 
important proportion of untreated women with anti- 
phospholipid antibody have term live births. During a 
prospective study, which now includes more than 100 
pregnancies complicated by systemic lupus erythema- 
tosus and anuphospholipid antibody, we evaluated 30 
pregnancies in 25 asymptomatic women with a high 
antiphospholipid antibody titer. Twenty-one of these 
pregnancies occurred in women with prior fetal loss. 
This article reports the results of treatment with pred- 
nisone and/or aspirin in this group of patients with 
prior fetal loss. 
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Methods 


Patients. Since 1982 all pregnant women with a 
known diagnosis of systemic lupus erythematosus ac- 
cording to American Rheumatism Association criteria? 
who were seen at The Hospital for Special Surgery— 
New York Hospital have participated in a prospective 
study of lupus-affected pregnancies focusing on anti- 
phospholipid antibody. Women who did not fulfill 
American Rheumatism Association criteria for systemic 
lupus erythematosus, but who had either lupus anti- 
coagulant of antiphospholipid antibody, are also in- 
cluded in the present study. The studies were approved 
by the Institutional Review Boards of The New York 
Hospital and The Hospital for Special Surgery. 

Therapy. The study by which pregnant women with 
systemic lupus erythematosus were identified is an ob- 
servation, not a therapy, study. Thus patients were not 
randomized to the treatment protocols. According to 
both the patient’s and her physician’s requests, after 
confirmation of pregnancy (except where noted below) 
the asymptomatic women were managed in one of the 
following four ways: (1) no treatment, (2) aspirin, 80 
mg/day, (3) aspirin plus prednisone, 30 mg/day for at 
least 4 weeks, then continued or tapered to a lower 
dose when toxicity was evident, but maintained at at 
least 10 mg/day until delivery, or (4) prednisone, 60 
mg/day for 4 weeks, then continued at reduced doses 
until delivery. Option 4 was selected because the first 
four patients to receive 60 mg/day for more than 4 
weeks had severe side effects (hypertension, weight 
gain, edema, mental status changes) without a single 
fetal survival, and because our prior experience with 
systemic lupus erythematosus indicated the dangers of 
prolonged high-dose steroid therapy. We did not feel 
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Table I. Outcome of pregnancies of asymptomatic women with =40 GPL units of antiphospholipid antibody 



























No. of No. of Symptoms Maximum 
fetal elective of active APTT 
deaths abortions lupus (sec) 


3 () None 2.2 
4 0 None 30.6 
2 0 None 41.2 
N 0) None 46.8 
3 0) None ND 
2 () None 37.2 
l 0 None 44.2 
l () None 38.6 
l () None 32.1 
| 0 None 41.2 
l 0) None 67.9 
9 0) None N 

l 0 None 34.8 
l 0 None 27.0 
l (0) None 31.1 
2 0 None 52.1 
4 0 None 36.4 
2 0) None 50.0 
l l None ND 

l 2 None 38.2 
3 0 None 69.0 
0 0 None 31.9 
0 0) None ND 

0 0 None 35.4 
0 0 None ND 

0) 0 None ND 

0) 0 None 32.0 
0 0) None 37.4 
0 0 None ND 

0 0 None ND 


APTT, Activated partial thromboplastin time. Abnormal values are underlined. 
*Assay performed by prior method, (1) not repeated by current method. 
+Lupus anticoagulant or antiphospholipid anubody only, not clinical systemic lupus erythematosus. 


tReceiving treatment at conception (see text), 


it safe to prescribe this dose to otherwise healthy 
women. Prednisone was prescribed for potentially non- 
obstetric (lupus-related) reasons in some pregnancies. 
These pregnancies are not counted in analysis of treat- 
ment. Treatment prescribed for obstetric reasons 
started with the first visit; the gestational age at which 
prednisone was started is indicated in Table I. Patients 
were evaluated at least monthly during the pregnancy. 

Antiphospholipid antibody. Antiphospholipid an- 
tibody titers were determined as previously published” 
by use of an enzyme-linked immunosorbent assay for 
anticardiolipin, which meets standardized criteria." In 
six pregnancies a high antiphospholipid antibody titer 
had been identified in an earlier version of the assay,’ 
but serum specimens were no longer available to quan- 
titate abnormalities in standard GPL units. These pa- 
tients were arbitrarily assigned GPL values of >40 
units; they are identified in Table I. In our laboratory 
almost all patients positive for anticardiolipin are also 


positive for antiphosphatidyl inositol and antiphospha- 
tidyl serine; we therefore prefer the generic term an- 
tiphospholiprd. 

Lupus anticoagulant was diagnosed by screening all 
women for an activated partial thromboplastin time 
greater than 38 seconds and by confirming abnormal 
results with a formal coagulation profile, including a 
mixing test as previously described.* This definition 
identifies only strongly positive lupus anticoagulants. 

Statistics. Chi-square and life tables were used 
as indicated and calculated according to published 
methods." 


Results 


Identification of high-risk group. Fetal outcome 
was analyzed as a function of the following discrete 
variables (x? test): maternal race, systemic lupus ery- 
thematosus diagnosis (present or not), IgG and IgM 
antiphospholipid antibody isotype, presence or ab- 
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Prednisone 


Gestational 
week 
started 







week at 
delivery 


Maximum 
(mg/day) 








Aspirin 


60 12 No 25 
60 9 No 15 
30 7 Yes 7 
30 6 Yes 9 
30 9 Yes 9 
30 8 Yes 17 
30 12 Yes I8 
30 Oz Yes 36 
20 9 Yes 16 
10 9 Yes 36 
10 2] No 21 
0 Yes 7 
0 Yes 18 
0 Yes 29 
0 Yes 34 
0 Yes 25 
0 Yes 40 
0 No 13 
0 No 26 
0 No 39 
0 No 40 
20 Ot Yes 35 
5 Ot No 22 
0 Yes 17 
0 Yes 40) 
0 Yes 34 
0 No 36 
0 No 4] 
0 No 40 
0 No 15 


sence of lupus anticoagulant, presence or absence of 
anti-Ro/SSA or anti-La/SSB antibodies, and fetal sex. 
Results were also analyzed for the following continuous 
variables (¢ test with means): maternal age, lupus “ac- 
tivity” score,” number of prior living children, number 
of prior fetal deaths, maximum titer of IgE antiphos- 
pholipid antibody, maximum titer of IgM antiphos- 
pholipid antibody, maximum titer of anti-DNA anti- 
body, and lowest C3 and C4 complement levels. Of 
these criteria, only IgG antiphospholipid antibody titer 
and pregnancy history identified groups at risk of cur- 
rent fetal death (Fig. 1). Risk for current fetal death 
was most apparent at antiphospholipid antibody levels 
>40 GPL units. Any prior fetal loss, regardless of cause, 
more than doubled the risk of future fetal death at all 
GPL levels, including normal levels. 

Patient groups were therefore sorted for both prior 
fetal death and for antiphospholipid antibody level >40 
GPL units for analysis of effect of therapy. In asymp- 
tomatic women with prior fetal death and >40 units 
GPL, prednisone worsened the prognosis (p ~ 0.01, 
life-table analysis; Fig. 2). In asymptomatic women who 
had an antiphospholipid antibody level >40 GPL units 


Gestational 
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Fetal birth 
weight 
(gm) 










Outcome Comment 






Dead i 

Dead — 

Dead _ 

Dead — 

Dead —,— Twins 
Dead — 

Dead — 

Live 2396, 2452 Twins 
Dead E 

Live 2785 

Dead — 

Dead — 

Dead — 

Live 650 

Live 2010 

Dead 283 

Live 3830 

Dead — 

Dead — Toxemia 
Live 3170 

Live 2155 

Live 3140 

Dead —,— Toxemia, twins 
Dead — 

Live Normal 

Live 1915 Toxemia 
Live 3620 

Live 3664 

Llive “Normal” 

Dead — Toxemia 


a 


but who had not had previous fetal death, there was 
no apparent effect of either therapy, and prognosis was 
generally good even in untreated patients (Table 1). 

The presence of lupus anticoagulant was not a de- 
termining factor in fetal loss. Of 17 tested asymptomatic 
women with prior fetal loss, 10 had abnormal activated 
partial thromboplastin times; 6 of these had current 
fetal death. Seven had normal activated partial throm- 
boplastin times and 5 of these had current fetal death 
(Table I). Not included in the table are eight women 
with abnormal activated partial thromboplastin times 
but negative IgG antiphospholipid antibody test results. 
Six of these had live births. Of the two who had current 
fetal death, one (patient 7) had IgM antiphospholipid 
antibody in her first pregnancy; in her subsequent 
pregnancy she had both IgG and IgM antiphospholipid 
antibody but delivered at term. 

Itis important to emphasize that active systemic lupus 
erythematosus was not an indication for therapy and 
therefore an independent cause of fetal death, because 
only pregnancies of asymptomatic women were in- 
cluded in the analysis. Two asymptomatic women with 
a high antiphospholipid antibody titer but no prior fetal 
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Fig. 1. Effect of history of fetal death on fetal outcome in women at various levels of antiphospholipid 
antibody. Prior fetal death increased the likelihood of current fetal death at all antiphospholipid 
antibody levels. Difference between all patients with prior fetal loss versus all patients with no prior 
fetal loss was significant (p < 0.001, x°). Difference between pregnant women with antiphospholipid 
antibody levels either <16 or =16 GPL units was significant (p < 0.05). Patients examined by old 


assay method are not included. 
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Fig. 2. Effect of aspirin (top) or prednisone (bottom) on fetal 
survival in 21 asymptomatic women with both a high anti- 
phospholipid antibody titer and prior fetal death. Fourteen 
of the women took aspirin and 11 took prednisone. Results 
are expressed as a life table. There were no fetal deaths after 
30 weeks’ gestation. Difference for prednisone is highly sig- 
nificant (p ~ 0.01). (For details, see Table 1.) 


loss were taking maintenance doses of prednisone at 
conception. Patient 19, a physician, at her own instiga- 
tion increased her maintenance dosage from 5 to 20 
mg/day. Fetal growth retardation occurred in treated 
women (Table I). 


Comment 


Two prior studies suggested that high doses of cor- 
ticosteroid are beneficial for pregnant women with re- 
peated fetal loss. Branch et al." treated eight women 
with prior fetal death and lupus anticoagulant with 
prednisone, up to 50 mg/day, and aspirin; 5 delivered 
live children, but complications (including growth re- 
tardation) were frequent. Lubbe et al.’ treated five mul- 
tiparous and one primiparous women identified by lu- 
pus anticoagulant with prednisone 40 to 60 mg/day, 
plus aspirin; four of the multiparous women had live 
children. Rosove et al.” treated nine multiparous 
women identified by antiphospholipid antibody titer 
with heparin; eight delivered live children, of whom 
two were growth retarded. In a study with a different 
focus, Wallenburg and Rotmans" treated 24 women 
who had previous fetuses with growth retardation with 
aspirin and dipyridamole, started after 16 weeks’ ges- 
tation; two had lupus anticoagulant. Recurrent fetal 
growth retardation occurred in 13% of treated and 61% 
of untreated pregnancies. 

The present study, which identified women with an- 
tiphospholipid antibody, gives less optimistic results: 
for women with both a high antiphospholipid antibody 
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titer and prior fetal death, 14 of 21 (67%) pregnancies 
of asymptomatic women were not successful. For 
women with a high anuphospholipid antibody titer but 
no prior fetal death, 3 of 9 (33%) pregnancies of asymp- 
tomatic women ended in fetal death. In neither the 
group with nor the group without prior fetal loss did 
aspirin improve prognosis; in fact, in the group with 
prior fetal loss, prednisone worsened the prognosis. 
Fetal growth retardation occurred in some of the 
treated women. 

There are several possible explanations for the con- 
trast between our data and those of others: (1) There 
is a difference between women identified by the pres- 
ence of lupus anticoagulant’ and women identified by 
the presence of antiphospholipid antibody*; (2) our 
treatment schedule was insufficiently vigorous; (3) the 
other series were too small to provide valid tests of 
treatment differences; and (4) the treatments used are 
not effective. Regarding the first point, although in 
clinical studies lupus anticoagulant is not synony- 
mous with antiphospholipid antibody, neither we nor 
others’ have been able to distinguish among anticar- 
diolipin antibody—lupus anticoagulant, anticardiolipin 
antibody—only, and lupus anticoagulant—only patient 
prognoses. Because there is controversy about the def- 
inition of a lupus anticoagulant, and because our clin- 
ical laboratory uses a test regarded as insensitive, we 
chose not to emphasize our lupus anticoagulant data. 
Had we done so, the results would not change. Re- 
garding the second point, no dosage treatment studies 
have been published. We doubt that there is an im- 
portant difference between prednisone, 30 mg/day 
(our “moderate” dosage) and the 40 mg/day dosage 
recommended by others. We chose our dose ranges 
based on our experience with nonpregnant patients 
with systemic lupus erythematosus and our early ex- 
perience with high-dose steroid therapy, which did not 
improve fetal survival. We found prednisone, 60 
mg/day, too toxic to sustain throughout pregnancy. We 
found 30 mg/day for 4 weeks followed by slow tapering 
to be better tolerated and, we hope, safe. Nonetheless, 
we remain concerned that osteonecrosis, a common and 
serious complication of steroid therapy, will eventually 
develop in the treated women, Regarding the third 
point, the quoted optimistic studies included eight, five, 
and nine patients. The present study includes 21 preg- 
nancies of asymptomatic women with a high antiphos- 
pholipid antibody titer and a history of prior fetal 
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death, nine pregnancies of asymptomatic women with 
no prior history of fetal death, and 17 pregnancies with 
a moderate antiphospholipid antibody titer. We there- 
fore prefer the third and fourth explanations. Whether 
recent experience with aspirin-dipyridamole"™ or sub- 
cutaneous heparin” will prove beneficial remains to be 
evaluated. 
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Radioimmunoassay of free B-subunit of human chorionic 
gonadotropin in diagnosis of high-risk and low-risk gestational 


trophoblastic disease 


M. B. Khazaeli, PhD,*** E. S. Buchina, PhD, R. A. Pattillo, MD, S.-J. Soong, PhD, and 


K. D. Hatch, MD** 


Birmingham, Alabama, and Milwaukee, Wisconsin 


A radioimmunoassay was performed with monoclonal antibody 1E5, which distinguishes free B-subunit of 
human chorionic gonadotropin in the presence of intact human chorionic gonadotropin. Serum samples 
were obtained from 68 pregnant women, 9 with hydatidiform mole who underwent spontaneous remission, 
12 with hydatidiform mole who developed gestational trophoblastic disease, 5 with metastatic gestational 
trophoblastic disease of high-risk category, and 1 with choriocarcinoma concomitant with pregnancy. The 
concentrations of free B-subunit of human chorionic gonadotropin and total B-subunit were determined on 
the sera. The assay data were expressed as a ratio of nanograms of free B-subunit per 1000 mIU of total 
8-subunit. The ratios, analyzed by the Wilcoxon two-sample test, indicated a highly significant correlation 
between high ratios and the eventual diagnosis of high-risk gestational trophoblastic disease 

(p = 0.0019). This study suggests that the excessive production of free B-subunit of human chorionic 
gonadotropin may identify patients with high-risk gestational trophoblastic disease much earlier and identify 
gestational trophoblastic disease in patients during pregnancy. (Am J Osstet GynecoL 1989;160:444-9.) 


Key words: Free BhCG, monoclonal antibody, GTD 


Human chorionic gonadotropin (hCG) is a glycopro- 
tein hormone secreted by trophoblastic placental cells. 
Two dissimilar, non-covalently bound subunits, la- 
beled a and B, compose an hCG molecule.'* The a- 
subunit is nearly identical to the subunits of the other 
glycoprotein hormones, luteinizing hormone, follicle- 
stimulating hormone, and thyroid-stimulating hor- 
mone." ™* The B-subunits of these hormones differ in 
their amino acid sequences and in this way confer 
unique immunologic and biologic activity to each hor- 
mone.” *7 There is, however, considerable homology 
between the B-subunits of hCG and luteinizing hor- 
mone, which explains their common biologic activities. 

Because of the homology among the glycoprotein 
hormones, the purified B-subunits have been used as 
immunogen to reduce the problems of cross-reactivity. 
Vaitukaitis et al.” developed a radioimmunoassay that 
discriminated human luteinizing hormone from hCG 
by producing rabbit antisera to purified B-subunit of 
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hCG. The cross-reactivity for human luteinizing hor- 
mone, human follicle-stimulating hormone, and hu- 
man thyroid-stimulating hormone was approximately 
7%, 1%, and <1%, respectively. 

The development of this assay permitted the quan- 
titation of hCG and its subunits in the placentas from 
normal, term pregnancies and elective abortions, when 
the placental extract was applied on a Sephadex G-100 
column. No free B-hCG was detected. 

Trophoblastic and some nontrophoblastic tumors se- 
crete hCG. One study found that seven of 10 patients 
with metastatic gestational trophoblastic disease had 
only intact hCG in urine and plasma, whereas the other 
three patients had large amounts of free a- or B-hCG, 
or both, in addition to intact hCG. These three patients 
failed to respond to chemotherapy and died with widely 
metastatic gestational trophoblastic disease.” 

Conventional hCG assays, which recognize the B- 
subunit, are not specific for the B-subunit in the pres- 
ence of intact hCG. The free B-subunit must be sepa- 
rated from hCG by column chromatography, to deter- 
mine its concentration. The advent of hybridoma 
technology has provided the means of producing 
monoclonal antibodies that can recognize free B-hCG 
in the presence of intact hCG." 

We previously reported the development of a radio- 
immunoassay that uses a monoclonal antibody, 1E5, 
which recognizes free B-hCG in the presence of intact 
hCG molecule. The radioimmunoassay has only a 
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0.23% cross-reactivity with intact hCG molecule and 
virtually no cross-reactivity with other glycoprotein 
hormones and their B-subunits."! 

Using the 1E5 monoclonal antibody in a radioim- 
munoassay, we measured the concentration of free B- 
subunit of hCG in the sera of normal pregnant women. 
We also measured this concentration in the sera of pa- 
tients with molar pregnancy, patients with persistent 
gestational trophoblastic disease of low-risk category, 
five patients with confirmed metastatic gestational tro- 
phoblastic disease of high-risk category, and one patient 
with gestational trophoblastic disease concomitant with 
pregnancy, which developed into high-risk category. 
The total B-hCG was assayed with a commercially avail- 
able immunometric system for hCG (Hybritech, Inc., 
San Diego). 


Using the ratio of nanograms of free B-subunit of 


hCG per 1000 mIU of total B-hCG, we showed a highly 
significant correlation of high ratios and eventual pro- 
gressive disease.'* In this study we report that the ex- 
cessive production of free B-subunit of hCG, as deter- 
mined by the ratio of free B-subunit to total B-subunit 
of hCG concentration, differentiates between patients 
with low-risk gestational trophoblastic disease and high- 
risk gestational trophoblastic disease. 


Material and methods 


Serum samples obtained from patients at their initial 
visit to the University of Alabama Medical Center were 
selected from the serum bank of the Southern Regional 
Trophoblastic Disease Center. Patients were selected 
only if they had adequate serial follow-up to clearly 
delineate the eventual outcome in regard to high- or 
low-risk persistent trophoblastic disease. Serum speci- 
mens had been stored at — 20° C, for periods ranging 
from 2 to 5 years. 

The double-antibody technique of Midgley’ was 
used to assay free B-hCG. This technique has been de- 
scribed previously.'’ The results are expressed as nano- 
grams per milliliter of free B-hCG. Total B-hCG was 
assayed by a commercially available radioimmuno- 
metric system, Tandum-R total B-hCG (Hybritech, 
Inc.). This assay is a solid-phase, two-site immunora- 
diometric system devised to measure both intact and 
free B-subunit of hCG molecule. Patient samples, stan- 
dards, and controls are reacted with solid-phase, bound 
monoclonal antibodies (one recognizing a-subunit and 
the other recognizing free B-subunit). Radiolabeled 
third antibody, which recognizes an epitope unique to 
hCG and not luteinizing hormone, was also reacted with 
samples from patients, standards, and controls. After 
l-hour incubation, the beads are washed, and the ra- 
dioactivity bound to the solid phase is measured in a 
y-counter. The amount of radioactivity is directly pro- 
portional to the concentration of total B-hCG in the test 
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sample. The sensitivity of the assay is 5 mIU/ml of hCG. 
Calibration was against the first international reference 
preparation, 75/537, and the results are expressed as 
miulli—international units of total B-hCG. Cross-reaction 
with luteinizing, follicle-stimulating, and thyroid- 
stimulating hormones was <0.1%. Precision of the as- 
say, as expressed by interassay and intraassay coeffi- 
cients of variation, was <10% each. The ratio of nano- 
grams of free B-subunit per 1000 mIU of total B-hCG 
was calculated. This ratio is also equal to percent free 
B-hCG/total B-hCG, because 1 ng of hCG has approx- 
imately 10 mIU of activity. 

Group 1. Serum samples were obtained from women 
in the first trimester of pregnancy (N = 68). These 
were the control patients in the study. 

Group 2. Serum samples were obtained at the initial 
visit to the medical center (N = 9). Selection to this 
group was based on whether the patient had adequate 
serial follow-up, to clearly establish spontaneous regres- 
sion as the eventual outcome of the disease. The serum 
samples assayed were obtained during the time period 
from 2 days before to 23 days after curettage. 

Group 3. This group of patients was selected in the 
same manner as group 2, except that the outcome was 
persistent trophoblastic disease (N = 12). The serum 
samples assayed were obtained from 2 days before to 
113 days after curettage. Seven patients were diagnosed 
as having metastatic persistent trophoblastic disease. All 
patients in this group were treated with chemotherapy 
agents and are considered to be cured. 

Group 4. Group 4 consisted of five patients with con- 
firmed cases of metastatic gestational trophoblastic dis- 
ease of high-risk category and one patient with chorio- 
carcinoma concomitant with pregnancy. A brief sum- 
mary of case reports is presented below. 


Case reports 

Case A. This patient was 29 years old and had re- 
sistant disease. She had initially been evacuated of a 
hydatidiform mole 2 years earlier. The hCG concen- 
tration became negative but started to rise 11 months 
later. Repeat curettage revealed choriocarcinoma. The 
serum sample was obtained before this curettage. The 
patient developed a resistance to multiple-agent che- 
motherapy (methotrexate, actinomycin D, bleomycin, 


cisplatin, vinblastine, Adriamycin) with persistence of 


low levels of hCG. Lesions could not be identified by 
roentgenography, computed tomography (CT), or ul- 
trasonography. Pulmonary and brain metastasis devel- 
oped. The lung lesions were resected, and histologic 
studies confirmed malignancy of the cytotrophoblast 
and syncytiotrophoblast. The patient failed to respond 
to treatment and died of disease. The serum sample 
and history of the patient were provided. by the De- 
partment of Gynecology and Obstetrics at the Medical 
College of Wisconsin. 

Case B. This 21-year-old woman had a confirmed 
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Table I. Total B-hCG and free B-hCG concentrations and ratio of free B-subunit to total B-subunit of hCG 
in normal pregnancy, hydatidiform mole, and low-risk and high-risk trophoblastic disease 






Ratio 
(ng/l 1000 mlU, 


mean + SD) 






Total B-hCG 
(mIU/ml, 
mean + SD) 


Free B-hCG 
(ng/ml, 
mean + SD) 











Classification 


Normal pregnancy (first trimester) (N = 68) 27,135 + 17,176 23.9 + 28.8 0.8 + 0.68 
Hydatidiform mole, spontaneous remission (N = 9) 81,355 + 152,009 49.6 + 57.3 1.8 + 1.7 
Persistent trophoblastic disease, low-risk category (N = 12) 80,388 + 169.322 461 + 1294 6.8 + 3.4 
Persistent trophoblastic disease, high-risk category (N = 6) 48,397 + 40,784 1,286 + 1,171 24.6 + 13.6 
Case A 951 19.2 20.2 
Case B 96,250 2110 21.9 
Case C 39,910 1935 48.5 
Case D 29,683 621 20.9 
Case E 100,510 2859 28.4 
Case F 23,100 173 7.5 





Table II. Paired comparisons of ratios in different patient groups 


Patient group 


Normal pregnancy 
Molar pregnancy 
Persistent trophoblastic disease, low-risk 





Persistent trophoblastic disease 


Molar 


p = 0.0141 


p < 0.0001 p = 0.0002 
>: p = 0.002 p = 0.0018 
= ane p = 0.0019 





molar pregnancy | year earlier and no history of se- 
quelae. She was referred to the Southern Regional Tro- 
phoblastic Disease Center after spontaneous delivery 
of a suspected hydatidiform mole. A curettage was per- 
formed, with no evidence of abnormal tissue. The pa- 
tient returned a week later with evidence of uterine 
hemorrhage, and repeated curettage indicated no ab- 
normality. She was prescribed an oral contraceptive 
agent. Three weeks later she complained of chest pains, 
and the oral contraceptive was discontinued. She re- 
turned 2 months later with amenorrhea, and the hCG 
test result was positive. A sonogram suggested molar 
pregnancy and another curettage was performed, with 
the tissue indicating atypical trophoblast with no villi 
and no decidua. The high hCG concentration 10 days 
after the last curettage (96,250 mIU/ml) was suggestive 
of metastatic disease. The free B-hCG ratio was deter- 
mined on this serum sample. She received single-agent 
chemotherapy. On the basis of persistently elevated 
hCG titers and evidence of multiple pulmonary nod- 
ules, the patient was started on a regimen of triple- 
agent chemotherapy 10 weeks later. She responded to 
therapy, as indicated by disappearance of the pulmo- 
nary nodules and by the hCG titer. She is considered 
cured. 

Case C. This 49-year-old woman had a confirmed 
molar pregnancy 4 years earlier (June 1981). In May 
1984 she spontaneously aborted what appeared to be 
a hydatidiform mole and underwent a therapeutic cu- 
rettage. On the basis of sustained elevated serum hCG 
levels, the patient was diagnosed as having persistent 
trophoblastic disease and was referred to the Southern 
Regional Trophoblastic Disease Center in August 1984. 


A repeat curettage was negative for trophoblastic tissue. 
A chest x-ray film revealed five pulmonary nodules. CT 
scan showed a single 1.5 to 2.0 cm density next to the 
vaginal vault. The exploratory laparotomy revealed 
metastases to the left broad ligament tissue, and a 
type II radical hysterectomy and a bilateral salpingo- 
oophorectomy were performed. The examination of 
the tissue indicated choriocarcinoma of the myome- 
trium and parametrium, and the patient was placed on 
a regimen of single-agent chemotherapy. The free 
B-hCG ratio was determined on the serum sample that 
was obtained before the administration of single-agent 
chemotherapy. The serum hCG levels had dropped 
from 39,910 to 20 mIU/ml in 6 weeks. The serum hCG 
level had risen to 30 mIU/ml after a short plateau. The 
patient was given four courses of multiagent chemo- 
therapy, which resulted in complete remission of dis- 
ease, and she is considered cured. 

Case D. This 30-year-old woman underwent a repeat 
cesarean section (because of cephalopelvic dispropor- 
tion) and was delivered of an apparently normal infant. 
She had amenorrhea for 4 months and then experi- 
enced heavy vaginal bleeding. A month later she was 
seen by her obstetrician and complained of shortness 
of breath and hemoptysis. The chest x-ray film indi- 
cated metastatic disease, and the serum hCG level was 
4756 mIU/ml. The presence of choriocarcinoma was 
confirmed by tissue examination. The patient was re- 
ferred to the Southern Regional Trophoblastic Disease 
Center with an initial hCG level of 7400 mIU/ml. The 
chest x-ray film and CT scan indicated extensive met- 
astatic disease, with pulmonary and cerebellar involve- 
ment. The hCG level increased to 29,685 mIU/ml. The 
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Fig. 1. Cumulative distribution ratio of nanograms of free B-hCG per 1000 mIU of hCG in serum 
of patients. Normal pregnancy (m), molar pregnancy with spontaneous remission (e), molar preg- 
nancy with persistent trophoblastic disease of low-risk category (A), and persistent trophoblastic 


disease of high-risk category (@). 


serum sample was analyzed to determine the free 
B-hCG ratio. After six cycles of multiagent chemother- 
apy, the hCG concentration was 126 mIU/ml but then 
rebounded. Repeated resection of pulmonary lesions, 
followed by continued multiagent chemotherapy, did 
not have a long-term effect, and the patient died. 

Case E. This 31-year-old woman was diagnosed as 
having nonmetastatic persistent trophoblastic disease 
because of persistence of elevated hCG concentrations 
after four courses of single-agent chemotherapy. The 
hCG concentration was 4308 mIU at the time of di- 
agnosis and decreased to 349 mIU/ml after treat- 
ment. The patient refused further treatment. Eighteen 
months later, she was receiving prenatal care when she 
began to hemorrhage. The tissue obtained from the 
second curettage indicated choriocarcinoma. The hCG 
concentration before curettage was 100,510 mIU/ml. 
This serum was analyzed to determine the free B-hCG 
ratio. Seven courses of triple-agent chemotherapy in 4 
months lowered the hCG level to <5 mIU/ml. No ev- 
idence of metastases to the lung and head was observed 
with x-ray film and CT scan. Eight months later the 
hCG concentration was 40 mIU/ml, and chest x-ray 
film and CT scan showed three pulmonary nodules. 
She refused further multiagent chemotherapy and died 
of disease. 

Case F. A 23-year-old woman was admitted to the 
hospital at 38 weeks’ gestation with acute abdominal 
pain and fetal distress, necessitating an emergency ce- 
sarean section. A ruptured right tubal choriocarcinoma 
was discovered. Resection of the tumor was accom- 
plished after delivery of a healthy fetus. The serum 
sample obtained before operation was used to deter- 


mine the free B-hCG ratio. Histologic examination re- 
vealed tubal choriocarcinoma. After a resistance to 
single- and multiple-agent chemotherapy developed, 
pulmonary and brain metastasis was diagnosed. All 
forms of treatment failed and she died of disease. 

Statistical analysis. The statistical significance of the 
ratios of nanograms of free B-subunit to total B-hCG 
and the eventual outcome of each group of patients 
was evaluated by Wilcoxon two-sample test statistical 
analysis." 


Results 


The serum total and free B-hCG concentrations and 
the ratio of free B-subunit to total B-hCG are listed 
in Table I. The serum samples from 68 patients in 
the first trimester of pregnancy indicated a ratio of 
0.8 + 0.68 ng of free B-subunit per 1000 mIU of hCG, 
when assayed for free B-hCG and total B-hCG and the 
calculated ratio, as defined in the Material and methods 
section. At initial diagnosis the serum samples from 
nine patients with hydatidiform mole and spontaneous 
remission and 12 patients with subsequent progression 
to persistent trophoblastic disease of low-risk category 
showed ratios of 1.8 + 1.7 and 6.8 + 3.4 ng of free B- 
subunit per 1000 mIU of hCG, respectively, when an- 
alyzed for total B-hCG and free B-subunit of hCG. 
These ratios indicated a highly significant correlation 
between high ratios and eventual progressive disease 
(p = 0.002). When these ratios were compared with the 
ratios obtained from women who had normal preg- 
nancies, a significant difference was shown among the 
groups (p = 0.0141). The comparison of ratios of pa- 
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tients with normal pregnancy to ratios in patients with 
persistent trophoblastic disease showed a highly signif- 
icant value (p = <0.0001). The five patients with con- 
firmed cases of metastatic trophoblastic disease of high- 
risk category had a significantly higher ratio of free 
B-hCG to total B-hCG (p = 0.0019) compared with the 
ratio in the group with trophoblastic disease of low-risk 
category. In Case C the ratio was as high as 48.5 ng of 
free B-subunit per 1000 mIU of hCG. The ratio of free 
B-hCG to total B-hCG in Case F (emergency cesarean 
section, delivery of a healthy fetus, and tubal chorio- 
carcinoma) was 7.5 ng of free B-subunit per 1000 mIU 
of hCG. Although this ratio is significantly higher than 
the ratio in normal pregnancy, it is significantly lower 
than the ratios obtained in patients with choriocarci- 
noma. Inclusion of this patient into the high-risk group 
changes the p value to 0.0032. The paired comparisons 
of ratios are listed in Table II. 

When the cumulative distribution of patients in all 
four groups (normal pregnancy, hydatidiform mole 
with spontaneous remission, hydatidiform mole with 
persistent trophoblastic disease of low-risk category, 
and high-risk persistent disease) were compared by us- 
ing the value of the calculated ratios, the resulting val- 
ues produced significant discrimination by the Wil- 
coxon two-sample test, as shown by Fig. 1. The percent 
cumulative distribution of the ratios in each group of 
patients also is shown in Fig. 1. 


Comment 


Approximately 80% to 85% of women with hydatid- 
iform mole will undergo spontaneous remission, and 
15% to 20% of these women will develop persistent 
trophoblastic disease. The detection of persistent tro- 
phoblastic disease after hydatidiform mole is based on 
the serial determination of B-hCG concentrations. Pa- 
tients with nonmetastatic and low-risk metastatic per- 
sistent trophoblastic disease are most commonly cured 
with single-agent chemotherapy but occasionally re- 
quire multiagent chemotherapy or surgery.’ '° High- 
risk metastatic trophoblastic disease develops in ap- 
proximately 4% of patients with hydatidiform mole. 
Survival of these patients is about 60%, even with mul- 
tiagent chemotherapy.’ 

Among the factors that place patients with metastatic 
trophoblastic disease in the high-risk category are the 
length of time from antecedent pregnancy to institution 
of therapy and the failure of single-agent chemother- 
apy. There is a significant difference in the ratio of free 
B-hCG to total B-hCG between patients who develop 
nonmetastatic trophoblastic disease and patients who 
develop metastatic trophoblastic disease of high-risk 
category. All of the patients in group 4 had metastatic 
trophoblastic disease of high-risk category. Had it been 
possible to predict that these patients would develop 
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metastatic trophoblastic disease of high-risk category, 
they could have received multiagent chemotherapy ear- 
lier. Thus the free B-hCG to total B-hCG ratio could 
be used as another criterion for early institution of 
triple therapy. 

In Cases D and F metastatic gestational trophoblastic 
disease followed term pregnancy. This is the most dif- 
ficult category for the clinician to diagnose because tro- 
phoblastic disease is not expected after a term preg- 
nancy. 

In Case F choriocarcinoma was discovered at the time 
a cesarean section was performed. The ratio of B-hCG 
to total hCG was somewhat lower in this patient than 
in the other patients with choriocarcinoma. Presum- 
ably, the reason is that normal pregnancy produces 
high levels of total B-hCG. The free B-hCG to total 
B-hCG ratio may be useful to identify patients with a 
term pregnancy in whom trophoblastic proliferation of 
the placenta or other abnormalities are noted at the 
time of either cesarean section or vaginal delivery. 

Despite the retrospective nature of this study, the 
preliminary data are very encouraging, with the ratios 
discriminating patients in the high-risk persistent tro- 
phoblastic disease category from patients in the low- 
risk persistent trophoblastic disease category. A pro- 
spective study, with a large number of patients and 
standardized serum sampling times, is needed to con- 
firm the findings of this report. Such studies are un- 
derway in the Gynecologic Oncology Group. If these 
data are confirmed, the high ratio of free B-hCG to 
total B-hCG may be used to diagnose high-risk gesta- 
tional trophoblastic disease much earlier and therefore 
to institute multiagent chemotherapy earlier. Patients 
with high-risk gestational trophoblastic disease would 
benefit from immediate and appropriate treatment, 
with substantial decreases in patient morbidity and 
mortality. 


We acknowledge LeeAnn Speer for technical as- 
sistance and Barbara Irwin for preparation of the 
manuscript. 
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Ectopic B—human chorionic gonadotropin production by a 


dermoid cyst 


Gabrielle P. Downey, MB, BS, Mark Prentice, MB, BS, Leonie K. Penna, MB, BS, 


Ronan P. Gleeson, MB, BS, and Murdoch G. Elder, MD 


London, England 


Benign cystic teratomas of the ovary (dermoid cysts) are common in women in the 20- to 40-year-old age 
group; 10% of these teratomas are bilateral. There have been reports of hormone production by dermoid 
cysts, particularly thyroid-stimulating hormone. We report the first case to our knowledge, of ectopic human 
chorionic gonadotropin production by a dermoid cyst. (AM J Ostet GYNECOL 1989:160:449-51 .) 


Key words: Dermoid cyst, benign teratoma and B-hCG 


Dermoid teratomas of the ovary are essentially be- 
nign tumors that contain all three of the primary ele- 
ments with ectodermal predominance. They are known 
to secrete hormones although B-hCG secretion has 
never been described. However, Nagelberg et al.' de- 
scribed an epidermoid tumor that secreted B-hCG. We 
report a case of ectopic B-subunit human chorionic go- 
nadotropin production by a dermoid cyst. 
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Case report 


A 22-year-old woman with a 3-month history of ir- 
regular vaginal bleeding was admitted. She had been 
taking a combined oral contraceptive that contained 
0.15 mg levonorgestrel and 0.03 mg ethinylestradiol 
for 2 years. Three months before admission she had 
heavy withdrawal bleeding that lasted 1 hour. Believing 
she was pregnant, she did not resume the oral contra- 
ceptive and she subsequently did not have menses. 

When examined, she complained of amenorrhea, 
nausea, breast tenderness, and postcoital bleeding. The 
uterus was soft but not enlarged, and there was a tender 
adnexa mass on the right side with associated mild cer- 
vical excitation. A urinary pregnancy test was positive. 
Laparoscopy showed bilateral benign-looking follicle- 
like ovarian cysts and a normal uterus but did not show 
evidence of an ectopic pregnancy. Uterine curettage 
was performed and did not reveal any obvious products 
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Fig. 1. A, Eccrine gland shows diffuse cytoplasmic and luminal positive staining with anu-hCG. 
(Immunoperoxidase, hematoxylin counterstain; original magnification x400.) B, Morphologically 
normal eccrine gland and part of pilosebaceous complex. (Hematoxylin and eosin; original mag- 


nification X 100.) 


Table I. B-hCG levels before and 
after operation 





Preoperative day 
l 


>>200 
Postoperative day 
3 79 
8 20 
32 <2 





of conception. The cysts were aspirated, and approx- 
imately 60 ml of straw-colored seromucinous material 
was obtained. The patient was well the next day and 
she was discharged. 

Histologic examination of the endometrial curettage 
material showed secretory phase endometrium with ac- 


tive glandular secretions and diffuse well-developed 
stromal predecidual change. This was accompanied by 
a mild mononuclear inflammatory infiltrate without 
plasma cells. There was no evidence of an intrauterine 
conception, and no hypersecretory glandular changes 
of the Arias-Stella type. These findings were consistent 
with prolonged progestogenic stimulation. Cytologic 
examination of the cyst aspirate showed amorphous 
debris with only sparse cellular elements. 

The patient returned 10 days later with persistence 
of her symptoms. Serum B-hCG at this time was >200 
IU/ml (>5 IU/ml is consistent with pregnancy). In view 
of this and of the histologic findings in endometrial 
specimens, laparoscopy was repeated. There was no 
evidence of an ectopic pregnancy, the uterus was nor- 
mal, and the two cysts persisted. Laparotomy was per- 
formed because the evidence overwhelmingly sug- 
gested a pregnancy somewhere in the pelvic or abdom- 
inal cavity. No pregnancy was found. Because the 
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semisolid ovarian cysts persisted, they were removed 
intact and each ovary was reconstructed. Macroscopi- 
cally the cysts contained hair and a creamy white 
substance. 

After operation the patient's serum B-hCG levels fell 
steadily to normal after 32 days (Table 1) and her symp- 
toms subsided. 

Pathologic examination confirmed that each cyst was 
a benign teratoma. The left and right cysts measured 
6 cm and 4.5 cm in diameter, respectively. Their mac- 
roscopic and microscopic features were unremarkable. 
Each featured a hair-bearing dermoid protuberance. 
Microscopically all three germ layers were represented 
with a predominance of ectodermal elements. Pilose- 
baceous units and eccrine glands were common in each 
dermoid protuberance. Comprehensive examination 
of all removed tissue failed to show histologic evidence 
of immature elements or other germ cell derivatives, 
such as focal dysgerminoma or embryonal carcinoma. 
In particular there was no trophoblast or other rec- 
ognizable source of hCG. Because the hCG level fell 
after removal of the teratomas, it seemed likely that 
these were the source of hCG. In an attempt to identify 
a source of hCG production, all sections were stained 
by a standard three-layered peroxidase-antiperoxidase 
immunohistochemical technique. The primary anti- 
body was polyclonal, raised in rabbit, for hCG as de- 
scribed by Heiderman et al.’ Standard positive and neg- 
ative controls were used. This showed a region of pos- 
itive staining within eccrine glands in the dermoid 
protuberance of the larger teratoma (Fig. 1, A). The 
eccrine glands in this site displayed strong diffuse gran- 
ular cytoplasmic positivity, whereas the secretory ma- 
terial in the gland lumina also showed positive staining. 
The glands were normal eccrine glands in all other 
respects (Fig. 1, B). The reaction was reproduced on 
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three occasions and all were rendered negative by pre- 
vious absorption with B-hCG but not with calcitonin. 
This confirmed the production of hCG or a closely 
related peptide within the eccrine glands in this focal 
region of the teratoma. 

The urinary pregnancy test was Pregnospia Duoclon 
(Organon Teknika Medizinische Produkte, Freiburg, 
West Germany). This uses a monoclonal antibody that 
is specific for hCG with <6% cross-reaction with lu- 
teinizing hormone. Ovulatory and premenopausal and 
postmenopausal luteinizing hormone peaks do not give 
a positive reaction. The sensitivity is 200 IU/L of hCG. 
The serum assay is a solid-phase two-site immunoen- 
zymatic assay called HYBRITECH. It is highly specific 
for the B-subunit of hCG with <0.2% cross-reactiveness 
with luteinizing hormone. There is no demonstrable 
cross-reacuon with thyroid-stimulating hormone or 
follicle-stimulating hormone. 


Comment 


No chorionic or syncytiotrophoblastic elements were 
identified in the curettage material which excluded 
an intrauterine pregnancy. The immunohistochemical 
staining with the serum B-hCG levels provides conclu- 
sive evidence that the left ovarian teratoma was the 
source of ectopic B-hCG production. 
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Unsuccessful Burch retropubic urethropexy: A case-controlled 


urodynamic study 


Larry W. Bowen, MD, Peter K. Sand, MD, Donald R. Ostergard, MD, and 
Charles E. Franti, PhD 


Long Beach and Davis, California 


A retrospective comparison was made of the urodynamic parameters of urethral sphincteric function of 21 
women with failure of modified Burch retropubic urethropexy and 21 matched control subjects in whom 

operation was successful. The match criteria included multiple risk factors that contributed to the failure of 
antiincontinence surgery. The preoperative resting urethral closure pressure and urethral functional length 
were significantly lower in the study (failure) group than in the control (success) group. These parameters 
of intrinsic urethral function improved only in the control (success) group after operation. Further study 

showed that 17 of the 21 patients (81%) in the control (success) group had preoperative closure pressure 


>20 cm H,O, whereas only five of the 21 patients (24%) in the study (failure) group had initial closure 
pressure higher than this value. Identification of a low-pressure urethra by preoperative urethral 
profilometry suggests a greatly increased risk for operative failure. (Am J Osstet GYNECOL 1989;160:452-8.) 


Key words: Stress incontinence, Burch retropubic urethropexy, urethral profilometry, 


urethral pressure 


Many factors may contribute to the failure of antiin- 
continence procedures. Characteristics of patients, such 
as obesity, hypoestrogenism, chronic pulmonary dis- 
ease, previous continence surgery, presence of detrusor 
instability, and associated gynecologic prolapse, have 
been reported to affect operative results.' Choice of 
procedure, skill of the surgeon, and presence of com- 
promising conditions, including previous pelvic irra- 
diation, fistula, or history of significant trauma, also will 
greatly influence the ability to cure stress incontinence.’ 

Many investigators* ‘ have failed to show significant 
changes in urethral closure pressure or urethral func- 
tional length after operation, even in those patients who 
are cured of incontinence. The failure to show signif- 
icant differences in urodynamic urethral sphincteric 
parameters may be due to a failure to control for the 
multiple factors that affect success.'* Some* ° have sug- 
gested that a change in abdominal pressure transmis- 
sion capacity of the urethra is the important change 
effected by successful procedures. Other authors” ' 
have found that urodynamic parameters of urethral 
sphincteric function, such as short urethral functional 
length or very low urethral closure pressure, may pre- 
dispose to operative failure. Even if the surgical goal is 
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accomplished and there is adequate retropubic fixation 
of the proximal urethra and urethrovesical junction, 
failure may result if the intrinsic urethral sphincteric 
function, measured preoperatively, is insufficient." 

We recently reported a threefold increase in the ob- 
jective failure of Burch retropubic urethropexy if 
the preoperative urethral closure pressure was <20 
cm H,O.° This was true in spite of adequate retropubic 
fixation in 95% of the women. This study, however, 
lacked controls for the multiple factors that may con- 
tribute to failure of antiincontinence surgery, whereas 
the present study was designed to control for these 
potentially confounding variables. The present study 
was also designed to observe whether there are pre- 
operative urodynamic findings that suggest an in- 
creased risk for failure of standard retropubic antiin- 
continence surgery. 


Material and methods 


A retrospective comparison was made of the pre- 
operative and postoperative sitting-full urethral pres- 
sure profilometry and Q-tip cotton swab test results of 
21 women with failure of modified Burch retropubic 
urethropexy and 21 matched control subjects in whom 
Burch procedures were successful. Patients were ex- 
amined preoperatively within 1 to 2 months of the op- 
eration. They were examined again 3 to 6 months after 
the operation, between April 1979 and June 1985. All 
patients were examined and operated on by at least one 
of the authors. The modified Burch retropubic ure- 
thropexy was performed in the same manner in all 
patients.'” 
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Table I. Match criteria for control women 


Characteristic | Match criteria 


Weight +25 Ib 
Pulmonary disease Present or absent 
Menopausal status and Menopausal, with estrogen replacement 
hormonal therapy Menopausal, without estrogen re- 
placement 
Premenopausal 


Previous antiincontinence Number and type 


operations Anterior colporrhaphy 
Retropubic urethropexy (Burch or 
Marshall-Marchetti-Krantz) 
Multiple (3) 
None 
Age +10 yr 
Parity 0 
1-2 
>2 
Previous hysterectomy Yes or no 
Smoking Yes or no 
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Table II. Patient characteristics 


Failure (N = 21) Success (N = 21) Significance 





Weight (lb) (mean and range) 157.80 (108-270) 154.20 (125-266) NS 
Age (yr) (mean and range) 52.86 (30-72) 51.43 (32-68) NS 
Parity (mean and range) 2.52 (1-5) 2.90 (1-5) NS 
Menopausal status 

Menopausal, with estrogen 15 (71.0%) 15 (71.0%) NS 

Menopausal, without estrogen 0 (0%) 0 (0%) NS 

Premenopausal 6 (29.0%) 6 (29.0%) NS 
Previous surgery 

Retropubic urethropexy* 9 (42.9%) 7 (33.3%) NS 

Anterior colporrhaphy 8 (38.1%) 8 (38.1%) NS 

Multiple 2 (9.5%) 2 (9.5%) NS 

None 6 (28.6%) 5 (23.8%) NS 
Pulmonary disease 2 (9.5%) 2 (9.5%) NS 
Smoking 4 (19.0%) 5 (23.8%) NS 
Hysterectomy 

Va inal $ ~~ = mg 5 aa 

Akiominal 5 18 (85.7%) os 17 (81.0%) NS 

None 3 (14.3%) 4 (19.0%) 
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*Burch or Marshall-Marchetti-Krantz. 


A review was made of the clinical records and uro- 
dynamic evaluations of 30 patients who experienced 
operative failure during the period of observation. A 
suitable matched control subject was then sought from 
the population of women who were evaluated preop- 
eratively and postoperatively and in whom genuine 
stress incontinence was successfully treated. Criteria 
deemed important for an appropriate match are listed 
in Table I. A suitable match of six or more of the eight 
criteria was found for 21 patients. Nine patients were 
not matched. One patient had received radiation ther- 
apy, two patients underwent previous urethral surgery 
(diverticulectomy and internal urethrotomy), and one 
patient had a previous radical hysterectomy. These fac- 
tors were considered to contribute significantly to the 
risk of failure. Because a matched control for these 
factors could not be found, these patients were not 


included. The five remaining patients were not in- 
cluded in the study because a control that would match 
on at least six criteria could not be found. Of the 21 
pairs identified, 14 were matched on all eight criteria, 
five were matched on seven criteria, and two were 
matched on six criteria. An overall comparison of these 
characteristics for the study and control groups is 
shown in Table II. As one would anticipate from the 
selection process, there were no significant differences 
between the groups for the characteristics examined. 
The figures listed for previous antiincontinence sur- 
gery include all procedures. Several patients in both 
groups had more than one but less than three (multiple) 
operations. To match on this criterion, both women in 
the pair must have undergone exactly the same pre- 
vious operations. The only exceptions to this were two 
pairs in whom the study patient previously underwent 


Table III. Urethral profilometry 


Failure Success 


Closure pressure (cm H,O) 


Preoperative 17.67 + 14.52 
NS 

Postoperative 17.81 + 12.40 

Change 0.14 + 16.70 

Functional length (mm) 

Preoperative 14.29 + 7.14 
NS 

Postoperative 13.29 + 6.82 

Change — 1.00 + 9.07 
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Significance 

27.95 + 12.40 p< 0.01 
p< 0.01 

34.48 + 17.55 p<0.01 

6.53 £12.75 p < 0.01 

19.29 + 5.54 p < 0.01 
p < 0.01 

22.29 + 4.49 p< 0.01 

3.05 = 3.17 p < 0.01 





an unsuccessful Stamey procedure. A control match 
was made with a patient with failure of anterior col- 
porrhaphy. This seemed reasonable because the ap- 
proach and periurethral dissection are essentially the 
same in each of these procedures. Of the retropubic 
urethropexies performed previously, only one was a 
Burch procedure. The remainder of the patients had 
undergone Marshall-Marchetti-Krantz procedures. 

All postmenopausal women (71%) were treated with 
estrogen replacement therapy for at least 4 weeks be- 
fore the urodynamic evaluation. Treatment was €x- 
tended postoperatively and included the time of post- 
operative urodynamic testing. Treatment was provided 
as a topical cream or oral preparation of conjugated 
estrogens, 0.625 mg for 25 days per month. No attempt 
was made to match control subjects for route of ad- 
ministration or length of previous therapy. 

All patients received complete multichannel urody- 
namic testing as previously described.’ Preliminary 
evaluation included a detailed history and physical ex- 
amination, Q-tip cotton swab test, urethral calibra- 
tion, urine culture, 24-hour voiding diary, cystoureth- 
roscopy, and single-channel, medium-fill supine and 
standing saline solution cystometry. Multichannel uro- 
dynamics included urethral profilometry, supine and 
sitting, with empty and full bladder. Resting and stress 
(cough and Valsalva) urethral closure pressure profiles 
were obtained in all patients. For the purpose of this 
study, all urethral sphincteric parameters, including 
functional urethral length and maximal urethral clo- 
sure pressure, were obtained in the sitting position at 
maximal cystometric capacity. To minimize the effect 
of any variability in the measurement of urethral 
pressure profiles, the values obtained from at least 
three consecutive profiles were averaged to obtain each 
parameter (closure pressure or functional length). 
Changes in parameters from the preoperative exami- 
nation to the postoperative examination are expressed 
as the difference between preoperative and postoper- 
ative values. 

Medium fill (80 ml/min) simultaneous urethrocys- 
tometry with body temperature saline solution was per- 
formed in both supine and standing positions. Genuine 
stress incontinence was identified preoperatively in all 


patients and postoperatively in those of the study 
group. Genuine stress incontinence was defined as the 
presence of any urinary leakage and pressure equali- 
zation between the urethra and bladder, in the absence 
of detrusor activity during the cough or Valsalva ure- 
thral pressure profiles, at maximal cystometric capacity 
and in the sitting position. Conversely, surgical success 
was measured by the absence of these findings and the 
lack of urinary leakage with a full bladder during re- 
peated cough and Valsalva maneuvers, while the pa- 
tient was standing. 

Before and after operation, a Q-tip cotton swab test 
was performed in the supine position, by placement of 
a lubricated sterile Q-tip cotton swab into the urethra 
up to the urethrovesical junction. The angle the Q-tip 
cotton swab made with the horizontal during straining 
was measured with an orthopedic goniometer. A bubble 
balance on one arm of the goniometer provided the 
true horizontal for comparison with the Q-tip cotton 
swab deviation. The degree of severity of pelvic relax- 
ation was also assessed preoperatively and postopera- 
tively. Cystoceles and rectoceles were graded as follows: 
mild, descent of the vaginal wall during straining, but 
not extending beyond the upper half of the vagina; 
moderate, descent of the vaginal wall during straining 
and extending into the lower half of the vagina but not 
to the introitus; severe, descent of the vaginal wall with 
straining and protruding to or through the introitus. 
The Q-tip cotton swab test values, the degree of pre- 
operative pelvic relaxation, and the presence of detru- 
sor instability were not considered in the match criteria, 
so that these indices could be evaluated as independent 
risk factors for surgical failure. 

Statistical analyses included paired Student's ¢ test 
and x? analysis where appropriate. Correlations be- 
tween two variables were also determined. All termi- 
nology conforms to the recommendations of the 
International Continence Society unless otherwise 
stated." 


Results 

The results of the preoperative and postoperative 
urethral profilometry are given in Table III. Both pre- 
operative resting urethral closure pressure and ure- 
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Fig. 1. Correlation of preoperative urethral functional length and closure pressure. 


thral functional length were found to be significantly 
lower in the study (failure) group than in the control 
(success) group. The surgical procedure effected a sig- 
nificant improvement in closure pressure and func- 
tional length in the control (success) group only. 
Functional length decreased somewhat and closure 
pressure increased only slightly overall in the study 
(failure) group, but these changes were not statistically 
significant. 

Fig. 1 demonstrates the correlation between preop- 
erative functional length and closure pressure. The 
closed circles indicate the study (failure) group and the 
open circles indicate the control (success) group. Of the 
women who were cured by the modified Burch retro- 
pubic urethropexy, 81% (17 of 21) had preoperative 
closure pressure >20 cm H,O, whereas of those with 
failure, 76% (16 of 21) had closure pressure <20 
cm H,O. A similar critical value that distinguishes be- 
tween the groups cannot be appreciated for functional 
length. Fig. 2 demonstrates these results graphically 
and includes the percentage of patients whose values 
for closure pressure fell above or below the 20 cm H,O 
level in each group before and after operation. Fig. 3 
demonstrates the changes in closure pressure affected 
by the surgical repair in each group. The individual 
values were plotted with open circles representing pri- 
mary incontinence and closed circles indicating recur- 
rent cases. Table IV provides additional information 
regarding those women who had never undergone an- 
tiincontinence surgery. Surprisingly, the finding of clo- 
sure pressure <20 cm H,O is noted in the same pro- 
portions in these women as in the entire group (Fig. 
3). Eighty percent of the women with primary incon- 
tinence who were successfully treated had closure pres- 
sure >20 cm H,O and 83% of those with failure had 
closure pressure =20 cm H,O. Previous or concurrent 
hysterectomy and patients’ ages are included in Table 
IV for comparison. 

Preoperative pelvic relaxation and Q-tip cotton swab 


RESTING URETHRAL CLOSURE PRESSURE (cm H30) 
nN 
oO 





PREOP POSTOP 
FAILURE 


PREOP POSTOP 
SUCCESS 


Fig. 2. Percentage of resting urethral closure pressure values 
below and above 20 cm H,O in failure and success groups. 


test results are presented in Table V. There were no 
significant differences between the groups for any 
value recorded. The severity of Q-tip cotton swab de- 
viation or pelvic relaxation was not predictive of op- 
erative success or failure. Where appropriate, the as- 
sociated severe pelvic relaxation, cystocele or rectocele, 
was repaired vaginally at the time of the retropubic 
urethropexy. The anatomic result after the retropubic 
urethropexy and repair in these patients were excel- 
lent. All patients showed no significant pelvic relaxation 
after operation. All patients in the control group (suc- 
cess) and all but one of the study (failure) group had 
good support of the urethrovesical junction, as judged 
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Fig. 3. Changes in resting urethral closure pressure after 
Burch retropubic urethropexy in primary and recurrent in- 
continence. 


by clinical examination or a Q-tip cotton swab test 
deviation on straining of <30 degrees from the hori- 
zontal. 

Detrusor instability was present preoperatively in 
19% (4 of 21) of the control (success) group and in 19% 
(4 of 21) of the study (failure) group. After operation, 
75% (3 of 4) of the control subjects and only 25% (1 
of 4) of the study group had detrusor instability. One 
patient in each group demonstrated detrusor instability 
de novo on postoperative urodynamics. Detrusor in- 
stability did not appear to affect the ability to cure gen- 
uine stress incontinence, as diagnosed by cough and 
Valsalva urethral closure pressure profilometry. 


Comment 


In a controlled urodynamic study of preoperative 
and postoperative urethral profilometry, we identified 
a risk factor for failure of the modified Burch retro- 
pubic urethropexy. The low-pressure urethra (closure 
pressure =20 cm H,O) is a predictor of surgical failure 
and appears to be an independent risk factor. In con- 
trast to other reports," the present study shows that 
neither the severity of preoperative pelvic relaxation, 
the degree of urethrovesical descent, nor the presence 
of detrusor instability affected the surgical correction 
of the anatomic defect and genuine stress incontinence. 
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Certainly, a patient identified as having mixed incon- 
tinence is counseled preoperatively concerning the pos- 
sibility of continued urinary leakage associated with a 
persistently unstable bladder after operation. Leakage 
from an unstable bladder may occur postoperatively, 
in spite of adequate correction of the urethrovesical 
anatomy and cure of the genuine stress incontinence. 
In most instances, when genuine stress incontinence 
contributes significantly to the patient's symptoms, even 
in the presence of an unstable bladder, retropubic ure- 
thropexy offers a good chance for significant overall 
improvement or cure. With proper counseling our pa- 
tients in both groups who had mixed incontinence un- 
derwent retropubic urethropexy. 

Many investigators have failed to show significant 
changes in urethral sphincteric parameters (functional 
length and closure pressure) when comparing these 
values before and after operation (after Burch retro- 
pubic urethropexy* ‘ and after other antiincontinence 
procedures)."’ In our study we found significant in- 
creases in both functional length and closure pressure 
in those patients who were cured of stress incontinence. 
This difference may be due to elimination of confound- 
ing variables (risk factors for failure) by the inclusion 
of control patients in our study. Our patients with fail- 
ure of modified Burch retropubic urethropexy did not 
show significant improvement in either functional 
length or closure pressure after operative intervention, 
Of particular interest was the significantly poorer pre- 
operative intrinsic urethral sphincteric condition in 
those with failure compared with those who were cured. 
Similar findings were described by Peters and Roemer.’ 
Kujansuu et al.” suggested that after successful oper- 
ations functional length and closure pressure were, at 
best, maintained without change, whereas after unsuc- 
cessful operations these values decreased. Such findings 
imply that the intrinsic urethral function, if already 
compromised preoperatively, may not improve at all 
after operation and may even worsen. 

There are several possible causes for decreased rest- 
ing urethral pressure. Aging, with its attendant hy- 
poestrogenism and decreased vascularity, was associ- 
ated with a decrease in intrinsic urethral function, as 
evidenced by decreasing closure pressure.'* Denerva- 
tion and devascularization from extensive periurethral 
dissection during anterior vaginal surgery also was ev- 
idenced by a drop in closure pressure after operation." 
Partial denervation of the urethra could explain a low 
urethral closure pressure, as suggesteed by the findings 
of Snooks and Swash, 

McGuire noted a low-pressure urethra (<20 
cm H,O) in 75% of women who underwent multiple 
previous operations in an attempt to cure stress incon- 
tinence. He also reported that 13% of patients with 
primary incontinence had an associated low-pressure 
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Table IV. Closure pressure in primary incontinence 


Failure 


Closure pressure (em H,O) 
7 5 


72 12 -5 
71 20 13 -7 
60* 15 25 +10 
34* 0 24 +24 
32+ 65 20 —45 
47* 17 10 -7 
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Success 


Closure pressure (cm H,O) 


Age (yr) Postoperative Change 


63 4 6 +2 
54 23 30 +7 
61* 22 29 +7 
32° 43 30 = $9 
37 35 25 -10 





*Previous hysterectomy (all abdominal). 


*Hysterectomy performed at time of retropubic urethropoxy. 


Table V. Preoperative pelvic relaxation 





Cystocele 
None 0 0 
Mild _9 43 
9 
Moderate 1] 52 
Severe N: | 5 
12 
Rectocele 
None 10 48 
Mild -F 33 
17 
Moderate 3 14 
Severe E | 5 
4 


Q-tip cotton 
swab test (de- 
grees from 
horizontal) 
(mean + SD) 
At rest +6.24 + 11.33 
Straining +48.52 + 22.34 
Straining-rest + 42,93 + 15.21 


Success (N = 21) 


Failure (N = 21) 
ioe it ew | ee 








Significance 


0 0 p > 0.05* 
8 38 
8 
l1 52 
2 10 
l 
10 48 p > 0.05* 
6 29 
16 
3 14 
2 9 
5 
+9.75 + 14.88 p > 0.05+ 
+54.65 + 17.55 p > 0.05* 
+44.90 + 16.11 p > 0.05+ 


eee 


*y* test. 
tStudent’s ¢ test. 


urethra.’ In our study five of six patients with primary 
incontinence and failure of operation had evidence of 
preoperative intrinsic urethral sphincteric compromise 
with closure pressure <20 cm H,O (Table IV). Two of 
these patients were aged, which might explain the low- 
pressure urethra. The other three had no identifiable 
cause of urethral sphincteric compromise, unless ure- 
thral damage or denervation was a result of previous 
vaginal delivery of total abdominal hysterectomy. The 
matched control women of equal parity, who also had 
previous abdominal hysterectomy, did not exhibit these 
findings. The one remaining patient with primary in- 
continence had normal urethral pressure before op- 


eration but experienced a substantial drop after retro- 
pubic urethropexy. A major technical flaw may have 
occurred in this patient although none was recognized 
at the ume of operation or subsequently. This patient 
also underwent abdominal hysterectomy concurrent 
with the retropubic urethropexy. The number of pa- 
tients with primary incontinence whose urethral func- 
tion may have been affected unfavorably by previous 
or concurrent hysterectomy is too small for us to make 
any conclusive statement, but the findings suggest the 
need for further investigation to determine whether 
simple hysterectomy could cause urethral denervation 
or decreased urethral pressure. 
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Kujansuu et al." observed that failure resulted when 
there was “urethral relaxation,” indicating poor intrin- 
sic urethral properties, even if the urethrovesical anat- 
omy were corrected by retropubic surgery. Similarly, in 
our study intrinsic urethral deficiency is suggested as 
the cause of persistent incontinence by the fact that 
there is no anatomic defect after operation and because 
the surgical procedure was unable to improve on the 
preoperative closure pressure or functional length in 
the study (failure) patients whereas there was improve- 
ment in the matched control women. In our previous 
uncontrolled study of a larger unselected population 
we found a threefold increase in failure of Burch re- 
tropubic urethropexy if the preoperative closure pres- 
sure was <20 cm H,O." We minimized the influence of 
any confounding variables by using a case-matched, 
controlled design and have shown that, in spite of ad- 
equate correction of the anatomic defect (descent of 
the urethrovesical junction) by modified Burch retro- 
pubic urethropexy, a significant risk for failure exists 
when preoperative intrinsic urethral sphincteric com- 
promise is suggested by resting urethral pressure pro- 
filometry. This seems to be true for primary incont- 
nence as well as recurrent incontinence. 

Preoperative urethral closure pressure =20 cm H,O 
predicts failure of modified Burch retropubic ure- 
thropexy in a high percentage of patients. This un- 
derscores the importance of urethral pressure profi- 
lometry in identification of the low-pressure urethra 
before operation and thereby its potential use in plan- 
ning an adequate surgical approach to the problem. It 
is possible that procedures that compress a segment of 
the urethra actively, rather than merely elevating it, 
may be more successful. For this reason one of the 
suburethral sling procedures may be preferable when 
a low-pressure urethra, associated with genuine stress 
incontinence, is identified. This, however, has not been 
investigated fully. 
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That's because a quiet tangential 
motor/blower unit is housed in a 
special sound suppression section. 
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Hartford Hospital, an 886-bed tertiary care hospital 
affiliated with the University of Connecticut, is re- 
cruiting a second subspecialist to participate in an 
expanding Maternal/Fetal Medicine program. With 
over 5,000 deliveries annually, the fully-accredited 
Ob/Gyn residency program has 16 residents, com- 
puterized perinatal data base, Level III N.I.C.U. 
and research support. Responsibilities include 
consultation and management of high-risk pa- 
tients, Level II ultrasound, genetic testing and resi- 
dent and staff education. Competitive guaranteed 
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Transvaginal salpingocentesis: A new technique for treating 


ectopic pregnancy 





Ilan Timor-Tritsch, MD, Laxmi Baxi, MD, and David B. Peisner, MD 


New York, New York 


Transvaginal sonography is an important tool for diagnosing ectopic pregnancy. In this report the 
transvaginal passage of a needle, with sonographic guidance, into a tubal gestational sac with a live fetus 
is demonstrated. We. injected potassium chloride solution to arrest cardiac activity, terminating the ectopic 
pregnancy without surgical intervention. The new therapeutic use of transvaginal sonography is an 
important addition to the treatment of this prevalent disease. (Am J Osstet GYNECOL 1989;160:459-61.) 


Key words: Ultrasonography, transvaginal (endovaginal), ectopic pregnancy, tubal 


pregnancy, treatment of ectopic pregnancy 


The classic approach to ectopic pregnancy has been 
surgical, with resection of the diseased tube or ovary. 
Recently, more conservative approaches, i.e., paren- 
teral or local injection of cell growth inhibitors such as 
methotrexate and the simple “wait and follow” ap- 
proach, in cases with declining serum levels of the B- 
subunit of human chorionic gonadotropin (B-hCG), 
have gained popularity. All of these methods attempt 
to avoid surgical intervention. 

Recent reviews have suggested that the therapeutic 
approach to ectopic pregnancy is changing as the dif- 
ferent clinical patterns of this disease are recognized. 
A nonbleeding, nonruptured tubal gestation with fall- 
ing levels of B-hCG and no demonstrable fetal heart 
activity, may need only careful observation or, at the 
most, oral administration of methotrexate, whereas a 
live ectopic gestation with fetal heart activity may re- 
quire operative laparoscopy or laparotomy. 

Transvaginal sonography with a high-frequency 
transducer probe is another tool to enable accurate di- 
agnosis of ectopic pregnancy.' This instrument has been 
used in treating the ectopic pregnancy. In a semiin- 
vasive procedure, a needle was introduced along the 
side of the vaginal probe and methotrexate was injected 
into the tubal gestational sac, under continuous obser- 
vation and guidance by transvaginal sonography.” 

We present a similar approach. However, our tech- 
nique differs in two aspects: (1) a live embryo was 
treated and (2) potassium chloride solution was used 
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instead of methotrexate. Our purpose is to discuss this 
approach as an additional tool in the treatment of pa- 
tients with ectopic pregnancy. 


Material and methods 


A 6.5 MHz mechanical sector scanner (Elscint ESI- 
1000 ED65-TV) was used. The transvaginal sonogra- 
phy technique and puncture were described previ- 
ously.' We used 2 ml of 2 mEq/ml potassium chloride 
solution. A 21-gauge, 10-inch-long needle with a stylet 
was selected. 


Case report 

A 39-year-old woman, gravida 7, para 1, was diag- 
nosed by transvaginal sonography as having an unrup- 
tured left tubal pregnancy with a live fetus (Fig. 1). The 
serum B-hCG level was 8060 mIU/ml (first standard 
reference preparation). Her history included a lapa- 
rotomy with right salpingectomy for ruptured tubal 
pregnancy and another laparotomy for lysis of pelvic 
adhesions. She also had a cesarean section at term and 
four spontaneous abortions, all of which were trisomies. 
Because of rising B-hCG levels and demonstrable fetal 
heart activity, the patient was offered the alternative of 
the semiinvasive treatment. While she was under se- 
dation with 50 mg of Demerol and 5 mg of Valium, 0.5 
ml of potassium chloride was injected in the vicinity of 
the fetal heart, under continuous guidance by the vag- 
inal ultrasonographic probe. Almost instantaneous 
cessation of cardiac activity occurred. Transvaginal 
sonographic observation was maintained for 5 minutes. 
The patient was observed overnight in the hospital and 
was then followed up by weekly testing of B-hCG levels 
and transvaginal sonography. Two days after the pro- 
cedure, the patient had slight vaginal bleeding. An un- 
complicated postoperative course followed. The serum 
B-hCG level returned to normal at 55 days (Fig. 2). 
Transvaginal sonography showed some tubal thicken- 
ing. The patient declined salpingography. 
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Fig. 1. a, The 2 x 2 cm “tubal ring” (TR), containing the yolk sac and fetal pole, ts imaged side by 


side with the uterus (U), which contains a small pseudogestational sac (PGS). b, I he “tubal ring” is 


outlined by arrows. The sonolucent, centrally located gestational sac contains the yolk sac (open arrow) 


and the 6 mm fetal pole (between the arrowheads) 
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Days after Procedure 


Fig. 2. Serial determinations of the B-hCG levels demonstrated a return to nonpregnant levels at 


55 days after the proc edure. 


Comment 


In this procedure, the ectopic gestational sac is punc- 


tured, and potassium chloride is injected into a live 


embryo. Our technique is a result of our experience 


with and knowledge of the following previously doc- 


umented techniques: 


l. 


9 


"=. 


Follicular aspiration, with a transvaginal ap- 
proach. Experience has been accumulated ovel 
the last 4 to 5 years, assuring accurate insertion 
and identification of the needle tip during the 
procedure. 

Fetal reduction techniques. Because multifetal 


pregnancies carry an unusually high rate of fetal 
wastage, similar techniques have been success- 
fully used to reduce the number of intrauterine 
embryos. 

Laparoscopic injection of prostaglandin F,, into 
the affected oviduct and into the corpus luteum, 
which was used successfully to manage tubal ges- 
tations, avoid operation, and to save the tube. 
Systemic administration of methotrexate to block 
ectopic placental development. Failures reported 
in these studies were encountered in those cases 


where fetal heartbeats were detected. 
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5. ‘Transvaginal sonography, which leads to the ear- 
lier detection of unruptured tubal gestations with 
live fetuses. | 

6. Injection of methotrexate into a missed tubal ges- 
tation without a live fetus, leading to resolution 
of the gestation. 


On the basis of this experience, we believe that the 


transvaginally introduced needle, by means of the high- 
frequency transvaginal sonography—guided technique, 


has the potential to become useful in the treatment of . 


an early tubal gestation with a live fetus. 

In the future the treatment of ectopic pregnancy may 
fall in into one of the following categories: (1) The 
ruptured or advanced ectopic pregnancy still will ne- 
cessitate laparotomy. (2) The unruptured, but missed, 
ectopic pregnancy with decreasing levels of B-hCG may 
be followed by transvaginal sonography. Systemically 
or locally (by transvaginal sonographic guidance) in- 
jected methotrexate can be an alternative in these pa- 
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tients. (3) Selected early ectopic pregnancies with live 


conceptuses may be treated by the transvaginally per- 
formed puncture procedure we haye presented. Early =: 


transvaginal sonographic examinations of the high-risk 
population to identify and classify ectopic gestation are 


_ advisable, so that the best therapeutic approach can be 


selected. The transvaginally performed, sonographi- 
cally directed puncture procedure reprėsents an im- 


. ` portant addition to the treatment of this widespread 
- complication. | 
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Prematurity, postdates, and growth retardation: The influence 
of use of ultrasonography on reported gestational age 


` Robert L. Goldenberg, MD, Richard O. Davis, MD, Gary R. Cutter, PhD, 
Howard J. Hoffman, MA, Cynthia G. Brumfield, MD, and Judith M. Foster, MPH 


Birmingham, Alabama, and Bethesda, Maryland 


The preterm and postterm delivery rates and the percentage of infants with intrauterine growth retardation 
are dependent on the gestational age recorded at delivery. At our institution a sharp increase in the 
preterm delivery rate and a coincident decrease in the postterm delivery rate and the rate of intrauterine 
growth retardation were noted. Over a 3-year period, while the characteristics of the obstetric oopulation 
changed only slightly, the gestational age distribution shifted, with a decrease in the mean gestational age 
of about 1 week and a rise in the reported preterm delivery rate from 12% to 17%. About 15% of this rise 
was explained by an increase in obstetric interventions, and another 15% can be explained by changes in 
the way physicians rounded off gestational age. The majority of the increase in the preterm delivery rate 
was related to changes involving ultrasonographic examinations. These changes included a greater 
percentage of the population examined, trends toward earlier examinations, a tendency for the physicians 
to use ultrasonography rather than the last menstrual period in choosing the final gestational age, the use 
of different standards, an increase in the number of structures measured, and the weight given to various 
structures for determination of gestational age. It is apparent that changes in use of ultrasonography had a 
profound effect on the reported gestational age distribution at our institution. (Am J OBSTET GYNECOL 


1989;160:462-70.) 


Key words: Ultrasonography, preterm delivery, intrauterine growth retardation, gestational 


age, postdates 


The gestational age recorded at delivery is a key de- 
terminant of infant survival and serves as the basis for 
a number of important pregnancy outcome measure- 
ments, including the preterm delivery rate, the post- 
term delivery rate, and, with birth weight, the rate of 
intrauterine growth retardation. We recently reviewed 
these outcome measurements, paying special attention 
to changes in rates over time (Table I). We were sur- 
prised to find that the preterm delivery rate had risen 
significantly (from <12% to >17%), and the postterm 
delivery rate, the rate of intrauterine growth retarda- 
tion and the mean gestational age all decreased. The 
sudden shifts in these rates were puzzling. The present 
study was initiated to clarify the meaning and validity 
of these changes. Because these events are probably not 
unique to our institution and because they raise a num- 
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ber of important points about the critical variable, ges- 
tational age, we believe that it is useful to describe the 
factors we found to be responsible for changes in the 
reported gestational age at our institution. 


Methods and material 


Women in this study were enrolled for prenatal care 
and were delivered at the University of Alabama at 
Birmingham or its affiliated hospital, Cooper Green 
Hospital. The data reported in this study for the years 
1981 through 1986 were obtained from a computerized 
data system.’ Data used for this report include patient 
demographic data (age, race, and educational level) and 
clinical information regarding induction of labor and 
cesarean section, with and without labor. In addition, 
we analyzed and compared the gestational age at de- 
livery, recorded by a physician; the gestational age at 
delivery, calculated from the estimated date of con- 
finement in the prenatal record; the gestational age at 
delivery, calculated from the patient’s reported last 
menstrual period (LMP); and the gestational age at 
delivery, calculated from ultrasonographic measure- 
ments performed in the prenatal period. In all in- 
stances, the gestational age is presented in completed 
weeks from an actual, calculated, or derived first day 
of the LMP. 
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Fig. 1. Percentage of births to women who were black, were <20 years old, and had less than high 
school education, from 1981 to 1986. 


Table I. Number of deliveries, percentage of births <37 and 242 completed weeks’ gestational age, 
percentage intrauterine growth retardation, and mean gestational age reported from 1981 to 1986 
retardation 


(%) 


1981 3960 11.7 16.0 15.1 l 39.2 
















Intrauterine growth 







Mean gestational 


Year No. of deliveries age (wk) 










1982 3983 10.6 15.6 > 14.5 39.2 

1983 3959 [1.2 13.8 15.1 39.0 

1984 4057 14.4 8.2 11.8 38.5 

1985 3857 17.0 7 10.4 38.3 

1986 3839 17.2 6.1 10.8 38.2 

At our institution, the obstetric gestational age at de- of the ultrasonographic gestational age even if several 

livery (the gestational age used for reporting purposes) ultrasonographic examinations with multiple measure- 
is determined by a faculty or resident physician, using ments are performed. Also, according to a 1982 policy, 
all information available, including the LMP, date of if the gestational age, as determined by ultrasonogra- 
quickening, size of uterus at an early examination, au- phy, is within 10 days to 2 weeks of the gestational age 
dibility of auscultated fetal heart tones, ultrasono- determined by a reliable LMP, the LMP-derived ges- 
graphic measurements, and other pertinent data, such tational age should be used. If the LMP is unreliable 
as pregnancy tests, basal body temperature charts, and or if there is disagreement >10 to 14 days, the ultra- 
dates of insemination and intercourse. This process ap- sonographic data are used to determine the gestational 
proximates the protocols for determining gestational age at delivery. 
age at other institutions.” This procedure did not There was no official policy before 1980, and the 
change substantially during the time period reported. gestational age recorded by the physician at delivery 
In practice, the LMP and ultrasonographic measure- was generally rounded to the nearest week. Beginning 
ments are the two major types of data used for deter- in 1980, physicians were requested to record the ges- 
mining the gestational age at delivery. Our prenatal tational age in completed weeks. 


record requires the recording of a single best estimate The primary statistical tools were descriptive statis- 
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Fig. 3. Percentage of women who had prenatal ultrasonography and percentage who gave date of 
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For the years 1981 through 1986, the percentage of 
women with various demographic characteristics deliv- 


ered of infants is shown (Fig. 1). There was no sub- 
stantial change over time in the percentage of the pop- 


Results 
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Fig. 2. Mean birth weight by race from 1981 to 1986. 
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Fig. 4. Percentage of births at <37 completed weeks’ gestational age, on basis of LMP and prenatal 


ultrasonography, from 1981 to 1986. 


ulation that was black. There were small decreases in 
the percentage of births to women <20 years old and 
the percentage of births to women with less than a high 
school education. These changes were consistent with 
known state and national demographic trends.’ To our 
knowledge, these relatively small changes have never 
had a major impact on gestational age distribution and, 
when present, tend to be associated with decreased 
rather than increased preterm delivery rates. We con- 
clude from these data that the population from which 
these rates were derived has changed little over time 
and that changes in the delivery population are not 
likely to account for the observed changes in the ges- 
tational age distribution. 

We next evaluated another pregnancy outcome mea- 
sure, birth weight, and found the mean birth weight 
for the total population to be decreased by about 30 
gm over the time period considered. There were no 
consistent changes in the mean birth weight by race 
(Fig. 2) or by 500 gm birth weight grouping. The lack 
of a significant change in mean birth weight and birth 
weight distribution appears inconsistent with the mag- 
nitude of the observed changes in gestational age. 

Because the gestational age at delivery is derived pre- 
dominantly from LMP and ultrasonographic data, we 
determined for each year of the study how frequently 
this type of data was available. The percentage of 
women who provided a known LMP and the percent- 


age who had a prenatal ultrasound examination are 
shown in Fig. 3. In various years between 80% and 90% 
of women had an LMP-calculated gestational age. This 
percentage did not change significantly during the time 
period studied. The percentage of women delivered 
who had a recorded prenatal ultrasonographic exam- 
ination rose significantly, from 64% in 1981 to 86% in 
1986. 

The distribution of gestational age at delivery, as cal- 
culated from prenatally derived LMP and from ultra- 
sonographic data, was studied. When only the LMP 
data were used, the preterm delivery rate remained 
relatively constant from 1981 to 1984, at about 17%, 
and then rose significantly to 19% in 1985 and 18% in 
1986 (Fig. 4). When the ultrasonographic data instead 
of the LMP data were used, the preterm delivery rate 
rose from about 9% before 1983 to about 15% in recent 
years, with 1983 appearing to be a transitional year. 

When only the LMP data were used, the postterm 
rate remained at about 20% (Fig. 5). However, with the 
ultrasonographic data alone, the postterm rate de- 
creased steadily, from 27% in 1981 to 6% in 1986, with 
1983 again being a transitional year. Taken together, 
these figures show, by the LMP data, a fairly stable 
gestational age distribution. However, with the LMP 
data, the small increase in the percentage of deliveries 
occurring before 37 weeks is significant, does not ap- 
pear to be artifactual, and suggests that a small portion 
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Fig. 5. Percentage of births at >42 completed weeks’ gestational age, on basis cf LMP and prenatal 


ultrasonography, from 1981 to 1986. 
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Fig. 6. Percentage agreement (+1 week) between LMP-based and prenatal ultrasonography (US)— 
based gestational age and physician’s final estimate (MD GA) at delivery, from 1381 to 1986. 


of the rise in the preterm delivery rate noted at our 
institution actually may have occurred. There was, in 
addition, a marked downward shift in gestational age 
determined on the basis of the ultrasonographic data 
that seems out of proportion to the changes observed 
in the LMP data. 


We also considered whether, over time, physicians 
were placing greater emphasis on the ultrasono graphy- 
generated gestational age than on the LMP-generated 
gestational age when they chose a final gestational age. 
The percentage of the cases with ultrasonographic and 
LMP data available, in which the physician’s best esti- 
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Fig. 7. Percentage of births in which prenatally estimated date of confinement of 36 completed 
weeks was raised to 37 completed weeks by physician at time of delivery in each year from 1981 to 


1986. 


Table II. Percentage of all births from 1982 to 1986 with medical intervention leading to earlier delivery 


grouped by gestational age at delivery* 





<37 wk 







Physician 
estimate 






1982 1.8 2.9 ; 1.8 22 11.5 11.3 
1983 21 2.6 8.1 6.5 1.8 29 12.0 12.0 
1984 2.8 3.7 8.7 7.0 1.3 2:1 12.6 12.8 
1985 3.4 3.9 9.0 7.0 1.4 2.1 13.8 13.6 
1986 S31 23.5 9.2 7:8 1.3 2.7 14.3 14.0 





*Gestational ages presented are based on both physician’s final estimate and LMP. 


mated gestational age at delivery agreed (within +1 
week) with the LMP-determined gestational age and 
with the ultrasonography-determined gestational age, 
is shown in Fig. 6. Over time, there appeared to be a 
slight decrease in the percentage of cases in which the 
LMP-calculated gestational age and physician’s best es- 
timated gestational age agreed. On the other hand, 
there was a significant increase in the percentage of 
cases in which the physician’s best estimated gestational 
age and ultrasonography-estimated gestational age 
agreed. Therefore, in addition to ultrasonographic 
measurements indicating a greater rate of preterm de- 
livery and more ultrasonographic examinations being 
performed, over time physicians also chose to place 
greater emphasis on ultrasonographic data when they 
recorded gestational age at the time of delivery. 

Another possible explanation for the decrease in ges- 


tational age observed over time may be changes in the 
use of “completed weeks” versus the rounding off of 
gestational age. For example, if in 1981 physicians 
rounded gestational age of all women delivered be- 
tween 364 and 37 weeks upward but in 1986 recorded 
gestational age in “completed weeks,” approximately 
half of those gestational ages now recorded as 36 weeks 
previously would have been recorded as 37 weeks. Over 
time, this change would have resulted in an apparent 
decrease in gestational age and an increase in the pre- 
term delivery rate. Since 4% of all births occur at 36 
completed weeks, the potential impact of a change in 
rounding practice on the preterm delivery rate would 
be substantial. | 

To determine the importance of changes in the 
rounding practice, the gestational age at delivery, cal- 
culated from the prenatal estimated date of confine- 


468 Goldenberg et al. 


ment, was compared with the gestational age at delivery 
recorded by the physician. Fig. 7 shows the percentage 
of births in which the prenatally estimated date of con- 
finement was 36 weeks but the physician recorded the 
gestational age as 37 weeks at the time of delivery. It 
is apparent that in the early years of this study there 
was a greater tendency for the physician to record a l- 
week increment in gestational age compared with the 
prenatal estimate. Conversely, in the later years, ges- 
tational age was more likely rounded downward, that 
is, given in completed weeks. Because about 4% of de- 
liveries occur between 36 and 37 weeks and over time 
the changes in practice involving rounding appear to 
involve about 20% of these births, we conclude that a 
maximum of about 0.8% (20% of the 4% between 36 
and 37 weeks) of all deliveries or about 15% of the 
recorded rise in preterm deliveries from 1981 to 1986 
(11.7% to 17.2% = 5.5%, 0.8/5.5 = 15%) could be at- 
tributed to the change in rounding of gestational age. 

Another potential reason for the apparent decrease 
in gestational age at delivery might be an increase in 
medical interventions before labor, resulting in earlier 
deliveries. To assess this hypothesis, the number of in- 
ductions and the number of cesarean sections that oc- 
curred before labor were added, by means of our com- 
puterized data base, to determine the number of med- 
ical interventions leading to earlier delivery. These are 
presented as a percentage of all deliveries by year, from 
1982 to 1986 (1981 data not available). Interventions 
for each gestational age group are presented (Table I) 
on the basis of both the physician’s final gestational age 
and the LMP data. According to the physician’s esti- 
mate of gestational age, interventions as a percentage 
of the total number of deliveries increased from 11.5% 
in 1982 to 14.3% in 1986, an increase of 2.8%. When 
these interventions were divided into gestational age 
groups, there was a small decrease in interventions in 
those pregnancies =42 weeks and an increase in inter- 
ventions in both the 37- to 41-week group and in the 
<37-week group. According to the physician’s estimate 
data, the percentage of all deliveries associated with an 
intervention at <37 weeks rose from 1.8 in 1982 to 3.7 
in 1986, a 1.9% increase. At this point, however, it was 
not known whether this increase occurred because 
there were more interventions, causing premature de- 
livery, or if the gestational age at the time of interven- 
tion was the same as it was previously but was only 
labeled as earlier. Because the LMP-derived gestational 
age appeared more stable, we analyzed interventions 
on the basis of the LMP-derived gestational age data. 

On the basis of the LMP data, interventions as a 
percent of the total number of deliveries increased 
from 11.3% in 1982 to 14.0% in 1986, an increase of 
2.7%. However, because the gestational age distribution 
by LMP was different from the distribution by physi- 
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cian estimate, interventions were attributed to a dif- 
ferent gestational age group. Examined in this way, the 
percentage of all deliveries in which there was inter- 
vention at <37 weeks rose from 2.9% in 1982 to 3.5% 
in 1986, a 0.6% increase. Increases in intervention over 
time also were found in the 37- to 41-week and the 
=42-week groups. 

Because of the stability of the LMP data, these anal- 
yses suggest that only about 0.6% of the total rise in 
preterm deliveries associated with interventions ac- 
tually may be attributed to an increase in medical in- 
tervention. The remainder of the rise in preterm de- 
liveries associated with medical interventions appar- 
ently included infants who previously would have been 
classified in the 37- to 41-week group but who had their 
physician-determined gestational age lowered for some 
other reason. 

Because such a large percentage of the shift in ges- 
tational age appeared to be related to changes in ul- 
trasonography, we reviewed our ultrasonographic pro- 
cedures and staffing patterns to determine factors that 
may have been responsible for the apparent gestational 
age shifts reported earlier. There has been only one 
chief ultrasonography technician at The University of 
Alabama at Birmingham since 1977. Since 1980, there 
have been three other technicians, each of whom has 
been trained within our system. Their technique and 
reproducibility of measurements have been tested and 
were shown to be reliable. The faculty attending phy- 
sician in charge has remained the same since 1977, 
although there have been two other faculty members 
closely involved with the ultrasonography program. 
However, the vast majority of observations have been 
performed by the technicians. An ADR 3160 unit was 
used from 1970 to 1984, with GE equipment used sub- 
sequently. At the time of change, there appeared to be 
no difference in the measurements between the two 
types of equipment. Gestational age dating was origi- 
nally performed with biparietal diameter measure- 
ments. Femur length measurements were introduced 
in 1983, and the results of both biparietal diameter and 
femur length measurements were reported to physi- 
cians during the middle of that year. Head circum- 
ference and abdominal circumference measurements 
were routinely recorded beginning in 1984.’ In 1985, 
all measurements were put on computer, and their av- 
erage was used to calculate an ultrasonographic ges- 
tational age and estimated date of confinement.*"' Also, 
until 1985, ultrasonographic data were reported to the 
physician in whole weeks, with the weeks rounded ei- 
ther up or down to the nearest week. Since 1985, the 
computerized report gives the gestational age in whole 
weeks, plus the decimal fraction of the week completed. 

Finally, in the early years of the ultrasonography pro- 
gram, the physicians tended to order ultrasonography 
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for gestational age dating in the late second trimester 
and only rarely before the twentieth week. If two ul- 
trasonographic examinations were performed, more 
reliance tended to be placed on the later rather than 
the earlier examination. Beginning in 1984, it became 
evident that the earlier examinations tended to be the 
most reliable for dating. Therefore the pre-1984 policy 
of scheduling late second-trimester examinations for 
dating and, for gestational age determination, giving 
preference to examinations performed at that time was 
changed to obtaining examinations as early as possible. 
When several examinations were available, preference 
in gestational age dating was given to the earliest ex- 
amination. 


Comment 


This report emphasizes how variable gestational age 
data can be. The birth weight, demographic, and LMP 
data strongly suggest that, during the time period stud- 
ied, there was only a small change in the actual gesta- 
tional age distribution in our population. Nevertheless, 
data reported from this institution showed marked 
changes in several outcome measures related to ges- 
tational age. We believe these changes were, for the 
most part, artifactual and occurred predominantly be- 
cause of a series of changes in the ultrasonographic 
interpretation. Only <15% of the rise in reported pre- 
term deliveries appears real and is apparently related 
to an increase in medical and surgical interventions. A 
decrease in the tendency to round gestational age up- 
ward also played a role in the apparent change in ges- 
tational age distribution. 

Unlike birth weight, which can be determined by a 
scale at delivery, gestational age is a variable measure- 
ment. Many types of data can influence the ultimate 
choice, and various experts evaluating the same data 
can have different opinions. More frequent use of ul- 
trasonography, the use of different ultrasound stan- 
dards, changes in the timing of the tests, the use of 
additional measurements, and greater or lesser reliance 
on LMP or ultrasonography for dating can influence 
the physician’s choice of gestational age. It is therefore 
not surprising that there was a shift in the reported 
gestational age distribution, whereas the actual gesta- 
tional age distribution probably changed only slightly. 

Since the actual length of gestation in nearly all in- 
stances is unknown and therefore subject to interpre- 
tation, we do not know whether our current method 
of gestational age determination more closely approx- 
imates reality than did our 1981 method. We only know 
that there is less postmaturity and more prematurity 
reported now than previously and that the mean ges- 
tational age reported is about 1 week less. 

Several changes occurred over time in the way ul- 
trasonography was used to determine gestational age. 
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These changes and the obvious physician preference 
to use ultrasonographic data for gestational age dating 
at least partly explain the changes in gestational age 
reported at this institution. Most of these changes were 
not unique to our system and probably occurred to 
some degree or another at many other medical centers. 
At our institution the changes in the ultrasonography 
system tended to result in a lowering of the gestational 
age reported, but it is possible that cther institutions 
may have had changes in the ultrasonography system 
that resulted in an upward shift in the gestational 
age distribution. Unless each institution that reports 
longitudinal gestational age data monitors how the 
recorded gestational age is determined, artifactual 
changes in distribution may occur. Since many view 
preterm delivery and small-for-gestational-age rates as 
major health indicators, careful assessment of variation 
in these measurements over time is important. 

Both LMP- and ultrasonography-determined gesta- 
tional age is subject to many biases, most of which are 
not described when gestational age distributions are 
presented. For example, ultrasonography-derived ges- 
tational age usually has been based on the mean of 
measurements of one or more structures derived from 
some standard population. The choice of the standard 
population, the structures measured, and the time dur- 
ing pregnancy that the measurement is taken all may 
potentially influence the ultrasonography-determined 
gestational age. Similarly, an accurate LMP-derived 
gestational age not only is subject to patient’s recall of 
the LMP but, in addition, depends on the patient con- 
forming to certain biologic norms, such as ovulating in 
the middle of a 28-day cycle.'*'* Women who skip men- 
ses or have bleeding during pregnancy that might be 
mistaken for menses obviously will have an LMP- 
derived gestational age that is inconsistent with reality. 
For this reason, gestational age distributions that are 
based on LMP data tend to be relatively broad, with 
high preterm and postterm rates. The routine use of 
prenatal ultrasonographic examination for gestational 
age determination appears to sharpen the peak of the 
gestational age distribution. However, depending on 
the characteristics of the ultrasonography system, the 
entire gestational age distribution can shift, as it did at 
our institution from 1981 to 1986. Therefore what may 
seem on the surface to be relatively minor changes, 
including the use of a different standard, the mea- 
surements of additional structures, a change in the tim- 
ing of the examinations, a change in the preference 
given to early versus late examinations for gestational 
age determination, an increased tendency to round the 
gestational age down, and examining a larger per- 
centage of women in the population, may cause the 
reported gestational age distribution of any population 
to undergo an artifactual change. 
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We believe that our data indicate that the changes in 
mean gestational age, the rise in preterm delivery rate, 
and the fall in the postterm rate can, for the most part, 
be attributed to changes in the ultrasonography system 
and can be explained, for the most part, by a left shift 
in the gestational age distribution. The decrease in the 
reported rate of growth retardation in our population 
also can be attributed to a shift in the gestational age 
distribution. Since birth weights have held constant, 
while the reported gestational age has decreased, the 
rate of intrauterine growth retardation, which is based 
on external birth weight for gestational age standards, 
has, of course, fallen. 

In summary, the variability in the physician-reported 
gestational age data at this institution over time illus- 
trates clearly why using gestational age—derived out- 
come measures alone as the major end point of lon- 
gitudinal studies is hazardous. Observed changes in the 
rates of preterm delivery, postterm delivery, and intra- 
uterine growth retardation, especially if they are based 
on ultrasound or physician’s best estimate at the time 
of delivery, should be corroborated with LMP-derived 
gestational age and birth weight changes in the same 
direction and magnitude. Without this type of confir- 
mation, we believe that gestational age data are too 
variable to be used as a valid end point for any longi- 
tudinal study, for reasons not related to intervention 
or natural history. 
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Intravenous clonidine hydrochloride toxicity in pregnant ewes 


James C. Eisenach, MD, Maria I. Castro, PhD, David M. Dewan, MD, James C. Rose, PhD, 


and Stephen C. Grice, MD 


Winston-Salem, North Carolina 


Administration of intravenous clonidine hydrochloride has been advocated to rapidly contro! blood pressure 
in severe preeclampsia. To examine clonidine’s acute maternal and fetal effects we intravenously injected 
300 ug clonidine in eight chronically prepared normotensive near term ewes. Unlike intravenous saline 
solution injection, clonidine produced significant toxicity—intraamniotic pressure increased 97 + 27% 

(p < 0.05), uterine blood flow decreased 55 + 7% (p < 0.001), maternal and fetal serum glucose 
increased 158 + 23% and 249 + 91%, respectively (p < 0.001), and maternal and fetal Po, 

decreased to 44 mm Hg + 4mm Hg and 13 mm Hg + 1 mm Hg, respectively (p < 0.05). Maternal and 
fetal blood pressure and serum cortisol were unaffected by clonidine, whereas heart rate decreased. No 
adverse maternal or fetal effects were noted with serum clonidine concentrations <1.0 ng/ml. Direct fetal 
infusion of clonidine did not lower fetal arterial Po, levels, although heart rates decreased and serum 
glucose levels increased. The multiple effects of clonidine infusion are best explained by actions on 
a-adrenergic receptors. These results suggest that intravenous administration of clonidine may adversely 
affect the fetus by direct actions and by alterations in maternal physiology. (Am J OBSTET GYNECOL 


1988;160:471-6.) 


Key words: a-Adrenergic receptor agonists, clonidine, pulmonary gas exchange, uterine 


contractions, uterus 


Orally administered clonidine compares favorably 
with a-methyldopa in antihypertensive efficacy and in- 
cidence of side effects in pregnant women,’ and has 
been used in some obstetric centers as an antihyper- 
tensive for more than 15 years.? Maternal clonidine 
treatment does not affect neonatal blood pressure, 
serum glucose and electrolyte levels, or neurobehav- 
ior,'? and extensive follow-up of school-age children 
whose mothers received clonidine during pregnancy 
reveals no abnormalities in cognitive or neurologic 
function." 

In contrast to oral administration, experience with 
injectable clonidine in pregnancy is limited. Clonidine 
is marketed in Europe for intravenous use in the treat- 
ment of hypertensive emergencies, and has been 
used successfully to treat severe hypertension of pre- 
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eclampsia. Epidurally administered clonidine pro- 
duces analgesia’ and is being examined for use in preg- 
nancy,® but unrecognized intravascular placement of 
epidural catheters may result in accidental intravenous 
injection of clonidine. 

Despite recent interest in injectable clonidine, there 
has been little investigation into its acute effects. Cloni- 
dine activates a-adrenergic receptors, which alters he- 
modynamic, respiratory, uterine, and hormonal regu- 


lation. In this study we examine the acute uterine and 


maternal and fetal hemodynamic, respiratory, and hor- 
monal effects of intravenously administered clonidine 
in pregnant ewes and correlate these effects with ma- 
ternal and fetal serum clonidine concentrations. 


Material and methods 


Animal preparation. The Animal Care Committee 
approved the protocol. Eight near-term (114 to 121 
days’ gestation) pregnant ewes of mixed western breeds 
(40 to 60 kg) were studied. After a 48-hour fast, animals 
were pretreated with intravenous administration of 
0.03 mg/kg atropine. Anesthesia was induced with 12 
to 16 mg/kg of ketamine hydrochloride and intrave- 
nous administration of 6 to 8 mg/kg of sodium pen- 
tobarbital. After endotracheal intubation, anesthesia 
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120 240 


Fig. 1. Maternal (circles) and fetal (triangles) heart rate after maternal intravenous injection of saline 
solution (A o) or clonidine, 300 pg (A e). Each point represents mean + SEM of eight to nine 
animals. *p <-0.05 versus sline solution; **p < 0.01 versus saline solution. 


was maintained with 0.5% to 1.5% halothane in oxygen. 
Polyvinyl catheters were inserted into the descending 
fetal aorta and inferior vena cava through hind-limb 
vessels and into the amniotic sac. In one instance, cath- 
eters were inserted in both twin fetuses. After uterine 
closure, polyvinyl catheters were inserted into the ma- 
ternal descending aorta and inferior vena cava through 
internal mammary vessels, and in six of the ewes a 
calibrated electromagnetic flow probe (Dienco, Los An- 
geles,) was placed on the left uterine artery. The cath- 
eters and flow probe were tunneled subcutaneously, 
exiting the skin at the flank, and were maintained in a 
canvas pouch. Catheters were flushed daily with 1000 
U/ml of heparinized saline solution. Penicillin (900,000 
U) was given intramuscularly and kanamycin (80 mg) 
was given intraamniotically daily until the third post- 
operative day. All animals were allowed 4 to 6 days to 
recover before any experimental procedure. 

Experimental protocol. On the day of the experi- 
ment the ewe, standing in a portable metabolic cage, 
was placed in a quiet room. The maternal and fetal 
arterial catheters and intraamniotic catheter were con- 
nected to Gould pressure transducers (Model P23ID) 
for the measurement of maternal and fetal arterial 
blood pressure, and heart rate, and intraamniotic pres- 
sure using a Grass Model 7D polygraph recorder. The 
flow probe was connected to a Dienco flow meter to 
continuously record uterine blood flow rates. After 30 
minutes of stable baseline recordings, 10 ml of saline 
solution or 10 ml of saline solution that contained 300 
ug clonidine were injected over a 92-minute period. In- 
jections were given in random order and were sepa- 
rated by 24 hours. In two animals, clonidine (17 wg) 
was also injected into the fetal venous catheter on a 
separate occasion. 

Measurements. In addition to maternal and fetal he- 
modynamic records, maternal and fetal arterial blood 
samples were obtained before and 1, 5, 20, 60, and 240 


minutes after injection and were analyzed with regard 
to arterial Po,, Pco,, and pH with a Radiometer blood 
microanalysis system and with regard to serum cloni- 
dine with a specific radioimmunoassay with a detection 
limit of 100 pg/ml.? Maternal and fetal arterial blood 
samples obtained before and 60 and 940 minutes after 
injection were subjected to serum glucose analysis with 
a Beckman glucose analyzer and to serum cortisol anal- 
ysis with a specific radioimmunoassay." 

Statistical analysis. All data are expressed.as the 
mean + SEM. Fetal blood pressure was corrected with 
regard to changes in intraamniotic pressure. Hemo- 
dynamic and arterial blood gas measurements after in- 
travenous administration of saline solution or clonidine 
were compared with a two-way analysis of variance for 
repeated measures before they were subjected to Tu- 
key’s multiple comparison test. Because of the large 
variation in baseline and stimulated serum cortisol and 
glucose concentrations, these data were analyzed as 
changes from baseline values with a Wilcoxon two- 
sample test. Statistical difference between groups was 
considered to be present at p < 0.05. 

Maternal and fetal serum clonidine levels versus 
time curves were analyzed according to a two- 
compartment first-order elimination model with the 
use of PCNONLIN software (Statistical Consultants, 
Inc., Louisville). Relative fetal exposure to the drugs 
was calculated as the ratio of fetal/maternal area under 
the concentration time curve, correcting for fetal and 
maternal weight. 

Drugs. Drugs used in this study included atropine 
(Elkin-Sinn, Inc, Cherry Hill, N.J.), ketamine hydro- 
chloride and sodium pentobarbital (Barber Veterinary 
Supply Co., Richmond, Va.), and procaine penicillin G 
(Pfizer, New York, N.Y.). The following drugs were 
gifts: clonidine hydrochloride (Boehringer Ingelheim, 
Ltd., Ridgefield, Conn.) and kanamycin (LyphoMed, 
Inc., Rosemount, IIl.). 
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Fig. 2. Maternal (circles) and fetal (triangles) arterial Po, after 
maternal intravenous injection of saline solution (A o) or clon- 
idine, 300 ug (A e). Each point represents mean + SEM of 
eight to nine animals. *p < 0.05 versus saline solution; 
**p < 0.01 versus saline solution. 


Results 


Cardiorespiratory effects. Intravenous saline solu- 
tion injection did not significantly affect any of the pa- 
rameters measured. In contrast, intravenously admin- 
istered clonidine decreased both maternal and fetal 
heart rate (Fig. 1) and arterial Po, ( Fig. 2), without 
altering blood pressure, arterial Pco., or maternal pH 
(data not shown). The duration of hypoxemia was 
longer in the ewe than in the fetus. Fetal pH remained 
below control values for 1 hour after administration of 
clonidine (Table I). 

Uterine effects. In contrast to intravenous saline so- 
lution, injection of clonidine increased intraamniotic 
pressure and decreased uterine blood flow (Fig. 3). 
Although sustained uterine contractions did not occur, 
clonidine increased the frequency of spontaneous uter- 
ine contractions for approximately 1 hour after injec- 
tion (data not shown). 

Hormonal effects. Intravenous administration of 
clonidine, but not saline solution injection, increased 
maternal and fetal serum glucose levels (Table II). Se- 
rum cortisol levels did not change after either injection 
(data not shown). 

Pharmacokinetics/dynamics. Both maternal and fe- 
tal clonidine values best fit a two-compartment model, 
and elimination half-lives were similar in the ewe and 
the fetus (Fig. 4). Clonidine appeared rapidly in fetal 
arterial serum, and maximum concentrations (mater- 
nal = 6.3 + 1.1 ng/ml, fetal = 1.0 + 0.2 ng/ml) oc- 
curred 1 minute after injection. The fetal/ maternal se- 
rum clonidine ratio after redistribution was 0.68 + 
0.11, and the fetal drug exposure was 0.7 + 0.3% of 
the maternal exposure. 

Although our data clearly were not obtained at a 
steady state, intraamniotic pressure, and uterine blood 
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Fig. 3. Uterine blood flow (circles) and intraamniotic pressure 
(triangles) after maternal intravenous injecticn of saline solu- 
tion (A c) or clonidine, 300 ug (A @). Each point represents 
mean + SEM of six to eight animals. **p < 0.01 versus saline 
solution. 
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Fig. 4. Maternal (o) and fetal (e) plasma clonidine after ma- 
ternal intravenous injection of clonidine, 300 wg. Each point 
represents mean + SEM of seven animals. Maternal and fetal 
pharmacokinetic parameters (mean + SEM) in minutes. 


flow were not altered at serum clonidine concentrations 
<1 ng/ml. | 

Fetal infusion. Fetal infusion of clonidine, despite 
the production of high fetal serum clonidine concen- 
trations (8 to 20 ng/ml) did not alter fetal arterial Po, 
(from 20 to 20 mm Hg) or pH (from 7.34 to 7.35) 5 
minutes after injection. Fetal serum glucose increased 
from 25 to 61 mg/dl | hour after injection. Maternal 
parameters were not affected by fetal clonidine in- 
fusion. | 


Comment 


Clonidine’s effects are complex, in part because 
of the wide distribution and varied actions of Qo- 
adrenergic receptors, and in part because of clonidine’s 
effects in high concentrations on other receptor sub- 
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Table I. Fetal arterial pH after injection 
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Time after injection (min) 


pT se 240 





Saline solution 7.39+ 0.01 > 7.40 + 0.0 7.42 + 0:02 7.40 + 0.01 7.40 + 0.01 
Clonidine ' 7.40 + 0.01 7.36 + i 7.33 + 0.03* 7.33 + 0.03* 7.35 + 0.04 
N=8or9. 
Mean + SEM. 


*p < 0.05 versus saline solution. 


Table II. Maternal and fetal hormonal effects after injection 


Treatment Parameter} 


Saline solution 
Saline solution 


Maternal glucose 
Fetal glucose 


Clonidine Maternal glucose 
Clonidine Fetal glucose 

N = 6 to 9. 

Mean + SEM. 


*p < 0.05 versus saline solution. 
Glucose in mg/dl. 


types. However, the effects of clonidine observed 
in this study can be explained by activation of @»- 
adrenergic receptors (see Table III). 

Hemodynamic effects. Intravenously administered 
clonidine does not produce hypotension in pregnant 
sheep. This likely occurs for three reasons. First, ini- 
tially high-serum clonidine concentrations produce pe- 
ripheral vasoconstriction,'' which counteracts cloni- 
dine’s hypotensive actions in the brainstem” and spinal 
cord.’ Second, clonidine’s hypotensive’activity is atten- 
uated in normotensive animals, such as these sheep." 
Third, the stress of clonidine-induced hypoxemia may 
blunt clonidine’s direct hypotensive effect. — 

. Clonidine decreases heart rate peripherally by a di- 
rect action on the heart and centrally by a decrease n 
sympathetic and an increase in parasympathetic tone.' 
This effect is var iable, not dose- dependent over a wide 
range, and depends on the degree of sympathetic tone 
before administration. In pregnant sheep intravenous 
clonidine injection decreases heart rate, and the extent 
of this decrease does not correlate strongly to serum 
clonidine concentrations. | 

Uterine effects. Approximately 50% of myometrial 
a-adrenergic receptors in the pregnant rat! and hu- 
man being” are of the a,-subtype. Activation of these 
réceptors produces contraction in vitro.'” Likewise, xy- 
lazine hydrochloride, a specific a»-adr energic agonist, 
produces spontaneous uterine contractions in pregnant 
sheep." Orally administered clonidine does not in- 


Oo ee er ee 


Time after 
injection (hr) 


4 
67:24 66 + 4 67 + 4 
213 28:3 2844 
69 + 2 177 Æ 21" 83 +8 
27 +3 96 + 15* 49 +5 


crease the incidence of premature onset of labor in 
human beings,’ nor does intravenously administered 
clonidine increase uterine tone or activity in preg- 
nant sheep, except when serum concentrations are 
>1 ng/ml. | 

a-Adrenergic agonists decrease uterine arterial and 
placental blood flow in pregnant sheep. '? Clonidine 
causes constriction of human uterine arteries in vitro 
by a mixed a,- and a,-adrenergic mechanism. 2 In preg- 
nant sheep, clonidine decreases uterine blood fiow only 
at serum concentrations >1 ng/ml. 

Respiratory effects. Intravenously administered &ə- 
adrenergic agonists produce hypoxemia in sheep.” ” 
This hypoxemia is dose-dependent, mediated by a pe- 
ripheral a,-adrenergic receptor, and is not a result of 
respiratory or cardiovascular depression or pulmonary 
vasoconstriction.” Studies of intravenous clonidine in- 
jection in human beings do not report arterial blood 
gas values. Although a-adrenergic agonist—induced 
hypoxemia in pregnant sheep is transient, it is severe 
and is associated with fetal hypoxemia. 

Hormonal effects. Clonidine increases serum glu- 
cose levels as a result of an inhibition of insulin release.” 
Although neonatal serum glucose concentrations are 
normal ee chronic oral clonidine use in human 
pregnancy,’ our data suggest that acute intravenous 
clonidine injection may produce both maternal and 
fetal hyperglycemia. Such fetal hyperglycemia may 
reduce umbilical blood flow and fetal oxygenation 
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Table III. o.-Adrenoceptor location and function 
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Location Effect 

Brainstem Decrease sympathetic activity 

Increase vagal activity 

Enhance baroreceptor reflex 
Heart Slow sinoatrial node firing 
Vasculature Increase tone 
Platelets Activation 

Aggregation 


Sympathetic ganglia 
Myometrium 
Pancreas 
Hypothalamus 
Spinal cord 


Decrease neurotransmission 

Increase muscular tone 

Inhibit insulin release 

Inhibit stress-induced adrenocorticotropic hormone release 
Decrease sympathetic activity 


Inhibit dorsal horn nociceptive neuron firing 


in utero and produce rebound neonatal hypogly- 
cemia. 

Clonidine decreases stress-induced adrenocortico- 
tropic hormone, and hence cortisol release.” The lack 
of expected hypoxemia-induced increase in cortisol 
after administration of clonidine suggests an inhibition 
of adrenocorticotropic hormone or cortisol release. 
The risk of inhibition of the normal rise in maternal 
and fetal cortisol at birth are unknown. 

Fetal effects. It is difficult to separate direct fetal 
pharmacologic effects of a drug from fetal reactions to 
altered maternal physiology after bolus intravenous in- 
jection. For example, fetal serum glucose levels in- 
creased after fetal clonidine administration and in- 
creasec out of proportion to maternal hyperglycemia 
after maternal administration.” This suggests a direct 
fetal hyperglycemic action. In contrast to this direct 
fetal effect, fetal arterial Po, decreased after maternal 
clonidine administration (reflecting maternal hypox- 
emia and decreased uterine blood flow), but not after 
fetal administration. Intravenously administered cloni- 
dine may produce hypoxemia by platelet aggregation 
and pu:monary microembolism.”! This may not occur 
in the fetus because fetal ‘platelets are relatively unre- 
sponsive to adrenergically mediated aggregation,” and 
platelet microembolism in the placental bed may not 
impair arterial blood gas transfer in the fetus. 

Pharmacokinetics. Serum clonidine concentrations 
decline rapidly after bolus intravenous injection in hu- 
man beings, with a redistribution half-life of 20 to 30 
minutes before’a terminal elimination half-life of 7 to 
11 hours.” Clonidine pharmacokinetics in pregnant 
sheep are also best described by a two-compartment 
model with rapid redistribution and a short élimination 
half-life more similar to that observed in rats than in 
human beings.* In accordance with its molecular size 
and lipid solubility, clonidine rapidly crosses the sheep 
placenta. Fetal exposure is limited because of the rapid 
fall in maternal concentrations, and there is no evidence 
of trapping of clonidine in the fetal circulation. 


In summary, maternal administration of clonidine by 
bolus intravenous injection produces both maternal 
and fetal toxicity. Some of the fetal effects (hypoxemia) 
may be a result cf maternal actions of clonidine (ma- 
ternal hypoxia; decreased uterine blood flow, increased 
uterine tone), whereas others may be because of a direct 
action (hyperglycemia, lack of cortisol increase to 
stress). Conclusions with regard to clinical use of a drug 
should not be drawn on the basis of an acute animal 
study of a single dose. Nonetheless, these data suggest 
caution in the clinical use of intravenously administered 
cloriidine, and provide background for future studies 
of the physiology of a,-adrenergic systems in preg- 
nancy. 


We thank Tony Yaksh, PhD, for assistance in ex- 
perimental design and William Brooks and Barbara 
Tucker for technical assistance. 


REFERENCES 


l. Horvath JS, Phippard A, Korda A, et al. Clonidine 
hydrochloride—a safe and effective antihypertensive 
agent in pregnancy. Obstet Gynecol 1985;66:634. 

2. Hartikainen-Sorri A-L, Heikkinen JE, Koivisto M. Phar- 
macokinetics of clonidine during pregnancy and nursing. 
Obstet Gynecol 1987;69:598. 

3. Tuimala R, Punnonene R, Jouppila E. Clonidine in the 
treatment of hypertension during pregnancy. Ann Chir 
Gynaecol 1985;74:47. 

4. Huisjes HJ, Hadders-Algra M, Touwen BCL. Is clonidine 
a behavioral teratogen in the human? Early Hum Dev 
1986; 14:43. i 

5. Masotti G, Scarti L, Poggesi L, Bisi G, Gallini C, Neri 
Serneri GG.: Changes in cardiac function after effective 
treatment of hypertensive emergencies with intravenous 
clonidine. Eur Heart J 1984;5:1036. 

6. Johnston CI, Aickin DR. The control of high blood pres- 
sure during labor with clonidine (“Catapres”). Med J Aust 
1971;2:132. 

7. Glynn CJ, Teddy PJ, Jamous MA, Moore RA, Lloyd JW. 
Role of spinal noradrenergic system in transmission of 
pain in patients with spinal cord injury. Lancet 1986; 
2:1249. i 

8. Eisenach JC, Rose JC, Dewan DM, Grice SC. Effects of 
epidural clonidine in pregnant ewes. ‘Anesthesiology 
1987;67:A448. . 

9. Arndts D, Stahle H, Forster H-J. Development of a RIA 


\ 


J 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


Eisenach et al. 


for clonidine and its comparison with the reference meth- 
ods. J Pharm Meth 1981;6:295. 

Rose JC, Morris M, Meis PJ. Hemorrhage in newborn 
lambs: effects on arterial blood pressure, ACTH, cortisol, 
and vasopressin. Am J Physiol 1981;240:E585. 

Langer SZ, Hicks PE. Alpha-adrenoreceptor subtypes in 
blood vessels: physiology and pharmacology. J Cardiovasc 
Pharmacol 1984;6(suppl 4):S547. 

van Zweiten PA, Thoolen MJ, Timmermans PB. The hy- 
potensive activity and side effects of methyldopa, cloni- 
dine, and guanfacine. Hypertension 1984;6(suppl 11):28. 
Guyenet PG, Cabot JB. Inhibition of sympathetic pregan- 
glionic neurons by catecholamines and clonidine: media- 
tion by an a-adrenergic receptor. J Neurosci 1981;1:908. 
Wing LMH, Reid JL, Davies DS, Neill EAM, Tippett P, 
Dollery CT. Pharmacokinetic and concentration-effect re- 
lationships of clonidine in essential hypertension. Eur J 
Clin Pharmacol 1977;12:463. 

van Zweiten PA, Timmermans PBMWM. Pharmacology 
and characterization of central alpha-adrenoceptors in- 
volved in the effect of centrally acting antihypertensive 
drugs. Chest 1983;83(suppl):340. 

Maltier J, Legrand CC. Characterization of a- 
adrenoceptors in myometrium of preparturient rats. Eur 
J Pharmacol 1985;117:1. 

Berg G, Andersson RGG, Ryden G. a-Adrenergic recep- 
tors in human myometrium during pregnancy. AM J OB- 
STET GYNECOL 1986; 154:601-6. 

Jansen CAM, Lowe KC, Nathanielsz PW. The effects of 
xylazine on uterine activity, fetal and maternal oxygena- 
tion, cardiovascular function, and fetal breathing. AM J 
OBSTET GYNECOL 1984; 148:386. 

Anderson SG, Still JG, Greiss FC Jr. Differential reactivity 
of the gravid uterine vasculatures: effects of norepineph- 
rine. AM J OBSTET GYNECOL 1977;129:293. 

Ribeiro CAF, Macedo TA. Pharmacological characteriza- 


21. 


22. 


23. 


24, 


25. 


26. 


27: 


28. 


29. 


30. 


February 1989 
Am J Obstet Gynecol 


tion of the postsynaptic a-adrenoceptors in human uter- 
ine artery. J Pharm Pharmacol 1986;38:600. 

Eisenach JC. Intravenous clonidine produces hypoxemia 
by a peripheral a-adrenergic mechanism. J Pharmacol 
Exp Ther 1988;244:247. 

Metz SA, Halter JB, Robertson RP. Induction of defective 
insulin secretion and impaired glucose tolerance by cloni- 
dine. Selective stimulation of metabolic alpha-adrenergic 
pathways. Diabetes 1978;27:554. 

Crandell SS, Fisher DJ, Morriss FH Jr. Effects of ovine 
maternal hyperglycemia on fetal regional blood flows and ` 
metabolism. Am J Physiol 1985;249:E454. 

Ganong WF, Kramer N, Salmon J, et al. Pharmacological 
evidence for inhibition of ACTH secretion by a central 
adrenergic system in the dog. Neuroscience 1976; 1:167. 
Bocking AD, McMillen IC, Harding R, Thorburn GD. 
Effect of reduced uterine blood flow on fetal and maternal 
cortisol. J Dev Physiol 1986;8:237. 

Bacigalupo G, Langner K, Schmidt S, Saling E. Plasma 
immunoreactive beta-endorphin, ACTH, and cortisol 
concentrations in mothers and their neonates immediately 
after delivery —their relationship to the duration of labor. 
J Perinat Med 1987;15:45. 

Mann LI, Prichard JW, Symmes D. The effect of glucose 
loading on the fetal response to hypoxia. AM J OBSTET 
GyNnEcOL 1970;107:610. | 

Jones CR, McCabe R, Hamilton CA, Reid JL. Maternal 
and fetal platelet responses and adrenoceptor binding 
characteristics. Thromb Haemost 1985;15:95-8. 
Frisk-Holmberg M, Edlund PO, Paalzow L. Pharmaco- 
kinetics of clonidine and its relation to the hypotensive 
effect in patients. Br J Clin Pharmacol 1978;6:227. 
Karrptt B. Spector S. Disposition of clonidine in rats as 
determined by radioimmunoassy. J Pharmacol Exp Ther 
1978;207:195. 


Selective increase in placental blood flow by atrial natriuretic 


peptide in hypertensive rats 


Sylvain Chemtob, MD,* William Potvin, BSc, and Daya R. Varma, MD, PhD 


Montreal, Quebec, Canada 


Effec:s of atrial natriuretic peptide on systemic, renal, uterine, and placental hemodynamics were 
determined in 16-day pregnant normotensive and hypertensive rats and in 20-day pregnant normotensive 
rats under pentobarbital anesthesia. Relative to 16-day pregnant normotensive rats, the total peripheral 
resistance was higher in 16-day pregnant hypertensive and 20-day pregnant normotensive rats; atrial 
natriuretic peptide significantly (p < 0.05) decreased the total peripheral resistance in the latter two groups 
of animals. Atrial natriuretic peptide increased the placental blood flow in each of the three groups of 
animals without significantly affecting renal blood flow. This selective increase in placental blood flow 
renormalized placental hemodynamics in hypertensive rats. (Am J OssteT GYNECOL 1989;160:477-9.) 


Key words: Hypertensive pregnancy, placental blood flow, atrial natriuretic peptide, renal 


blood flow 


Continued use of currently available antihyperten- 
sive drugs may adversely affect fetal outcome by re- 
ducing placental blood flow.’ Atrial natriuretic peptide 
possesses hypotensive? and vasodilator properties? and 
has been suggested to exhibit a regulatory role in vas- 
cular and volume homeostasis in pregnancy." * Con- 
sequently, atrial natriuretic peptide could be of value 
against chronic hypertension of pregnancy, provided it 
did not reduce placental blood flow. We therefore de- 
termined the effects of atrial natriuretic peptide on 
systemic, renal, uterine, and placental hemodynamics 
in normotensive and hypertensive pregnant rats. 


Material and methods 


Experiments were performed with 16-day pregnant 
normotensive and hypertensive (275 to 300 gm) and 20- 
day pregnant normotensive (300 to 350 gm) Sprague- 
Dawley rats that were fed laboratory rat chow and tap 
water at will. Hypertensive rats were not used on day 


20 of gestation because we could not place the left ven- 


tricular cannula through the right carotid artery, which 
had become too fragile. Hypertension was induced 3 
weeks before the start of pregnancy by unilateral ne- 
phrectomy and ligature of one of the two branches of 
renal artery near its insertion into the contralateral kid- 
ney while the rat was under ether anesthesia. 
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Rats were anesthetized with pentobarbital (40 
mg/kg, administered intraperitoneally), and were po- 
sitioned on their backs. One polyethylene catheter 
(PE50) was placed into the left ventricle through the 
right carotid artery and another was placed into the 
femoral artery. The femoral cannula was used to with- 
draw blood samples by means of a Harvard pump 
(Dover, Mass.), and to record the arterial pressure and 
heart rate by means of a Statham pressure transducer 
(Hato Rey, Puerto Rico) connected to a Grass polygraph 
recorder (Quincy, Mass.). The left vetricular cannula 
was used for the injections of microspheres and atrial 
natriuretic peptide (synthetic 28 amino acid rat atrial 
natriuretic peptide, Peninsula Laboratories, Belmont, 
Calif.). Blood gases were measured before and after 
injections of microspheres. 

Cardiac output and organ blood flow were mea- 
sured with the radiolabeled microspheres (cerium 141- 
labeled and chromium 51-labeled, 15 um diameter; 
3-M, Newbrighton, Minn.) technique as described for 
pregnant rats.° Approximately 60,000 microspheres 
suspended in 0.15 ml of saline solution were injected 
into the left ventricle. Withdrawal of the reference 
blood sample (0.65 ml/minute) was started exactly 10 
seconds before and continued for 70 seconds after the 
injection of microspheres. Thirty minutes later, atrial 
natriuretic peptide (10 nmol/kg) was administered and 
the second injection of microspheres was made after 
the depressor response to atrial natriuretic peptide had 
become steady (approximately 5 minutes). Animals 
were killed by an overdose of pentobarbital; kidneys, 
uteri, placentas, and fetuses were removed. Injected 
microspheres, tissue, and blood radioactivity were 
counted on a gamma counter (Biogamma II, Beckman, 
Palo Alto, Calif.). Preliminary experiments established 
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Table I. Hemodynamic effects of atrial natriuretic peptide in pregnant normotensive and 


hypertensive rats 







Measurements 
Mean arterial pressure (mm Hg) 
Heart rate (beats/min) 
Cardiac index (ml/min/100 gm) 
Total peripheral resistance (mm Hg/ml/min/100 gm) 


Blood flow (m]l/min/gm) 
Kidney 


Uterust 


Placenta 


16-day 16-day 
Treatment normotensive hypertensive 










20-day 
normotensive 


None 126 + 2 145 + 12* 112 + 3 
ANP 91 + 12+ 85 + 3T 73 + 12 
None 358 + 13 371 + 10 357 + 13 
ANP 362 > 10 366 + 15 362 + 13 
None 32.3 = 0.6 29.9 + 5.5 23.3 + 2.4 
ANP 22.1 + 2.5f 25.4 + 5.7 26.7 + 2.6 
None 39+ 0.1 5.2 + 0.1* 4.9 + 0.5* 
ANP 4.1 + 0.4 3.6 + 0.67 2.7 2 0.27 
None 6.5 + 0.6 5.7 + 0.7 48+ 0.5 
ANP 45+ 0.9 4.2 + 0.6 5.6 + 0.5 
None 0.7 + 0.1 0.6 + 0.1 0.6 + 0.02 
ANP 0.4 + 0.27 0.5 + 0.2 0.5 + 0.02 
None 0.2 + 0.04 0.1 + 0.02* 1.0 + 0.12 
ANP 0.3 + 0.037 0.2 + 0.02T 1.8 + 0.107 





ANP, Atrial natriuretic peptide (10 nmol/kg) was injected 
Data are mean = SE (n = 4 to 5). 

*Difference (p < 0.05) from all values without an asterisk 
+Difference from the immediate top value. 
tMyoendometrium. 


that an injection of saline solution did not produce any 
systemic or regional hemodynamic changes. 

Data were subjected to by the paired Student ż test 
and one-way analysis of variance; p < 0.05 was assumed 
to denote significant differences. Data are presented as 
mean + SE. 


Results 


Blood gases did not change during the experiment. 
Radioactivity in the two kidneys did not differ by more 
than 5%. Fetuses did not contain radioactivity. 

Hemodynamic data are summarized in Table I. On 
a body-weight basis, cardiac index declined and total 
peripheral resistance increased during pregnancy. Ba- 
sal mean arterial pressure was higher and placental 
blood flow was lower in hypertensive rats than they 
were in normotensive rats. 

Atrial natriuretic peptide caused a greater decrease 
in mean arterial pressure in hypertensive rats than in 
normotensive rats at 16 days’ gestation. Atrial natri- 
uretic peptide decreased the total peripheral resistance 
in 16-day pregnant hypertensive and 20-day pregnant 
normotensive rats but not in the 16-day pregnant nor- 
motensive animals. Atrial natriuretic peptide did not 
significantly change the cardiac index of animals with 
elevated total peripheral resistance (hypertensive and 
20-day normotensive rats), but decreased the cardiac 
index in 16-day pregnant normotensive rats. Atrial na- 


triuretic peptide reduced the myoendometrial blood . 


flow in 16-day pregnant normotensive rats but not in 
16-day pregnant hypertensive and 2-day pregnant nor- 


into the left ventricle. 


in the same row. 


motensive rats. Atrial natriuretic peptide did not pro- 
duce significant effects on the heart rates and renal 
blood flow. In contrast, atrial natriuretic peptide in- 
creased placental blood flow in all three groups of an- 
imals and this increase was highest (twofold) in hyper- 
tensive rats. 


Comment 


The main purpose of this study was to determine 
whether atrial natriuretic peptide exerted its antihy- 
pertensive effect without decreasing placental blood 
flow. The basal hemodynamic values in normotensive 
rats recorded in this study are similar to published 
data.® The progressive increase in basal total peripheral 
resistance as pregnancy advanced also conforms with 
clinical reports.” Similarly, the decrease in cardiac out- 
put noted in the-late phase of gestation (20-day preg- 
nant rats) is in accord with clinial observations where 
cardiac output also was measured in supine subjects.® 
The significant increase in mean arterial pressure and 
total peripheral resistance after nephrectomy and renal 
artery ligation is indicative of a hypertensive state. 

Our data show that atrial natriuretic peptide reduces 
blood pressure in normotensive and hypertensive an- 
imals without changing heart rates. No significant 
changes in renal blood flow were observed after atrial 
natriuretic peptide was administered in all three groups 
of pregnant animals studied. The reported effects of 
atrial natriuretic peptide on renal blood flow have been 
variable according to different studies.* '° Changes in 
cardiac output were only noted in 16-day pregnant nor- 
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motensive rats. This disparity may be a result of dif- 
ferences in vascular tone” so that atrial natriuretic pep- 
tide reduced venous return and thereby reduced car- 
diac cutput when total peripheral resistance was low 
(16-day pregnant normotensive rats), and produced no 
significant effects on cardiac output in animals with a 
relatively high total peripheral resistance (hypertensive 
and 20-day pregnant normotensive rats). 

We are not aware of any studies with regard to the 
effects of atrial natriuretic peptide on placental blood 
flow. Our data show that atrial natriuretic peptide in- 
creased placental blood flow regardless of the basal he- 
modynamic values. Thus atrial natriuretic peptide re- 
stored to normal the decreased placental blood flow in 
the hypertensive animals. The mechanism of this se- 
lective increase in placental blood flow by atrial natri- 
uretic peptide is not clear, although such selectivity has 
been observed in other regional blood flows. These 
animal data demonstrate that atrial natriuretic peptide 
has the therapeutic potential to normalize both arterial 
blood pressure and placental blood flow in hypertensive 
rats and consequently may improve both the maternal 
and fetal outcome. 
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Labetalol does not decrease placental perfusion in the 


hypertensive term-pregnant rat 


R. A. Ahokas, PhD, W. C. Mabie, MD, B. M. Sibai, MD, and G. D. Anderson, MD 


Memphis, Tennessee 


The acute effect of labetalol hydrochloride, a combined nonspecific B-adrenergic and postsynaptic 
adrenergic blocker, on maternal hemodynamics and organ perfusion was investigated in 10 
hypertensive, term-pregnant, spontaneously hypertensive rats with the use of the radioactive-labeled 
microsphere technique. The normal fall in blood pressure during pregnancy was prevented by the 
reduction of litter size to two conceptuses on day 7 of gestation. Labetalol (1 to 6 mg/kg) effectively 
lowered mean arterial pressure 22% by decreasing cardiac output 16%; total peripheral resistance was not 
significantly decreased. Thus, the blood pressure lowering effect of labetalol was due primarily to its 
B-adrenergic blocking effect. Regional flows to the carcass and splanchnic circulation were decreased 19% 
and 15%, respectively, after labetalol administration. Uterine wall and ovarian perfusion were significantly 
reduced, but placental perfusion was not significantly altered. Because labetalol lowers blood pressure 
without reducing placental perfusion, it may be a useful alternative to hydralazine for the treatment of 
hypertensive emergencies in pregnancy. (Am J OpsTeT GYNECOL 1989;160:480-4.) 


Key words: Hypertension in pregnancy, blood pressure, placental perfusion, 
antihypertensive drugs, labetalol, spontaneously hypertensive rat 


Antihypertensive drugs have been used in medical 
practice for more than three decades, but obstetricians 
have been reluctant to use these drugs because of con- 
cern about their effect on the fetus and uncertainty as 
to whether antihypertensive therapy provides any real 
benefit to the mother.! In addition, there is some con- 
cern that acute lowering of maternal blood pressure 
may reduce placental perfusion with resultant fetal 
distress. Nevertheless, severe hypertension and hy- 
pertensive emergencies during pregnancy (=160/110 
mm Hg), regardless of cause, necessitate immediate 
antihypertensive treatment, inasmuch as these patients 
are at risk of fatal cerebral hemorrhage, left ventricular 
failure, convulsions, renal impairment, and dissemi- 
nated intravascular coagulation.? Ideally, treatment 
should promptly reduce maternal blood pressure with- 
out substantially decreasing placental perfusion and 
compromising the fetus until such time as delivery is 
possible. 

Although many antihypertensive drugs are now 
available, their effects on the uteroplacental circulation 
are generally not known. Because of the inherent risks 
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to the fetus, few studies have been conducted to ascer- 
tain these effects. Furthermore, animal models of hy- 
pertension during pregnancy are lacking. No labora- 
tory species spontaneously becomes hypertensive dur- 
ing pregnancy (i.e., preeclampsia), and pregnancy has 
an antihypertensive effect in all animal models of ex- 
perimental hypertension including genetic ones such 
as the spontaneously hypertensive rat. It has been 
noted, however, that the magnitude of the fall in blood 
pressure during the last week of pregnancy in the spon- 
taneously hypertensive rat is positively correlated with 
litter size? * and rats with litters of only one or two 
fetuses remain hypertensive until term, which produces 
a model of essential hypertension during pregnancy. 

Labetalol hydrochloride is an antihypertensive agent 
that produces nonselective B-blockade and selective 
postsynaptic «,-blockade, combining the effects of pro- 
pranolol and prazosin. The B-blockade is more potent 
than the a-blockade, with a B/a ratio of 3:1 to 7:1, 
depending on experimental conditions.’ Recent reports 
also suggest that it has a vasodilator action mediated 
by B.-receptor stimulation.® Although it is an effective 
agent for the treatment of essential hypertension, it has 
only recently been used in the treatment of hyperten- 
sion during pregnancy in the United States.”* The ob- 
jective of this project was to evaluate the acute effects 
of labetalol on maternal hemodynamics and organ per- 
fusion, particularly that of the uteroplacental circula- 
tion, in the hypertensive, term-pregnant, sponta- 
neously hypertensive rat. 
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Methods 


This research conforms with the “Guiding Principles 
in the Care and Use of Laboratory Animals” approved 
by the Council of the American Physiological Society 
and with federal laws and regulations. The protocol 
used was approved by the University of Tennessee, 
Memphis, Animal Care and Use Committee. 

Virgin female spontaneously hypertensive rats, 10 to 
12 weeks old, were purchased from Harlan Sprague 
Dawley Inc. (Indianapolis). The rats were kept four per 
cage in a temperature-controlled room (22° + 1° C) 
with a 12-hour-light/12-hour-dark cycle with the lights 
on from 5 AM until 7 PM. They were fed Purina Rodent 
Chow (Ralston Purina, St. Louis, Mo.) as desired with 
tap water to drink. Rats with systolic blood pressure 
=170 mm Hg (measured by tail-cuff plethysmography) 
were caged 1:1 with mature male spontaneously hy- 
pertensive rat breeders, and vaginal smears were 
checked daily in the morning for the presence of sper- 
matozoa (day 0 of gestation). The timed-pregnant fe- 
male spontaneously hypertensive rats were housed one 
per cage throughout pregnancy and systolic blood pres- 
sure was monitored weekly. 

On day 7 of gestation, the pregnant rats were lightly 
anesthetized with methoxyflurane and a laparotomy 
was performed. Litter size was reduced to two (one in 
each uterine horn) by aspiration of embryos through 
incisions in the antimesometrial uterine wall. The uter- 
ine and abdominal incisions were sutured closed and 
penicillin G (30,000 IU) was injected intramuscularly, 
and the rats were returned to their cages for the du- 
ration of pregnancy. 

At term (day 21 of gestation) each rat was again an- 
esthetized with methoxyflurane, and polyethylene cath- 
eters (PE-10) were inserted into the left ventricle of the 
heart, via the right carotid artery, and into the abdom- 
inal aorta, yia the left femoral artery. The catheters, 
filled with heparinized 0.9% saline solution, were tun- 
neled subcutaneously to the back of the neck to exit 
through a small incision. The incisions were sutured 
closed, and the rats were placed in a Plexiglas acrylic 
restrainer cage to recover from the anesthesia (a min- 
imum of 2 hours). The arterial catheter was connected 
to a Statham P23Gb pressure transducer (Spectramed 
Co., Oxnard, Calif.) and blood pressure was continu- 
ously recorded with a Gould 2200S physiologic re- 
corder (Gould, Inc., Cleveland) throughout the recov- 
ery period. After recovery, baseline blood pressure was 
recorded and the arterial catheter was connected to a 
constant withdrawal syringe pump (Harvard Appara- 
tus Co., Inc., S. Natick, Mass.). While an arterial ref- 
erence blood sample was withdrawn at 0.5 ml/min, ap- 
proximately 1 X 10° microspheres (15 + 3 um diam- 
eter, labeled with either tin 113 or gadolinium 153 
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Fig. 1. Blood pressure, heart rate, cardiac output, and total 
peripheral resistance before (baselene) and 30 minutes after 
(labetalol) intraventricular administration of labetalol hydro- 
chloride (1 to 6 mg/kg) in 10 hypertensive, term-pregnant 
spontaneously hypertensive rats. SBP, Systolic blood pressure; 
MAP, meen arterial pressure; DBP, diastolic blood pressure. 


and suspended in 0.9% saline solution with 0.01% 
Tween-80 added to prevent aggregation [Dupont NEN 
Medical Products, Billerica, Mass.]) were flushed into 
the left ventricle of the heart over a 30-second period 
with 0.5 ml 0.9% saline solution. Arterial blood refer- 
ence withdrawal was continued for 60 seconds after 
cessation of microsphere infusion to ensure that all mi- 
crospheres in transit in the arterial catheter were col- 
lected. The arterial catheter was then flushed and re- 
connected to the pressure transducer for measurement 
of blood pressure again to verify that microsphere in- 
fusion and blood collection per se did not alter he- 
modynamics. While blood pressure was continuously 
recorded, labetalol hydrochloride (Trandate, Glaxo, 
Inc., Research Triangle Park, N.C.) was then admin- 
istered in 1 mg/kg boluses via the left ventricular cath- 
eter to a maximum dosage of 6 mg/kg or until diastolic 
blood pressure reached 100 mm Hg. Thirty minutes 
after the final dose, cardiac output and organ blood 
flows were measured again as already described with 
the use of the alternate-labeled microspheres. The rats 
were then killed with an overdose of anesthetic and the 
positions of the catheters verified. The individual or- 
gans were removed by dissection, weighed, and placed 
in separate ‘y-ray counting vials (60 mm high by 25 mm 
diameter). The skin was removed and weighed, and the 
remaining carcass was weighed and cut into small 
pieces. The skin and carcass sections were also placed 
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Fig. 2. Regional blood flows before (baseline) and 30 minutes 
after (labetalol) intraventricular administration of labetalol hy- 
drochloride (1 to 6 mg/kg) in 10 hypertensive, term-pregnant 
spontaneously hypertensive rats. 


in separate y-ray counting vials. The arterial blood ref- 
erence samples and the organ and tissue vials were 
then counted in a multichannel y-ray well counter 
(Minaxi gamma counter model A5530, United Tech- 
nologies/ Packard Instrument Co., Downers Grove, Ill.) 
at the energy peaks of the isotopes used. The data were 
transferred directly toa DEC PDP 1170 computer (Dig- 
ital Equipment Corporation, Marlboro, Mass.) for back- 
ground correction, calculation of channel overlap, and 
calculation of cardiac output and organ blood flows as 
follows: | 


Cardiac output (ml/min) = (counts/min in whole rat X 
0.5 ml/min)/counts/min in arterial blood reference 
Organ blood flow (ml/ min) = (counts/min in organ X 
0.5 ml/min)/counts/min in arterial blood reference 


Total peripheral vascular resistance and organ vascular 
resistances were calculated by dividing mean arterial 
blood pressure by cardiac output and by organ blood 
flows, respectively. . 

The data were analyzed statistically with Student's 
t test for paired observations. The 95% confidence level 
was considered to be statistically significant in all anal- 
yses. The data are expressed as the mean + SEM. 


Results 

The acute effects of labetalol on hemodynamics and 
organ blood flow were examined in 10 hypertensive, 
term-pregnant, spontaneously hypertensive rats. Sys- 
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tolic blood pressure on day 0 of gestation was 188 + 6 
mm Hg. On day 21 of gestation systolic blood pressure 
was 178 + 4 mm Hg, not significantly lower than that 
on day 0. Eight rats had two fetuses at term; two rats 
spontaneously aborted one fetus and carried one fetus 
to term. | l 

The hemodynamic effects of labetalol are summa- 
rized in Fig. 1. Labetalol induced a 22% reduction in 
mean arterial pressure (from 155 +4 to 121 + 2 
mm Hg). The decrease in blood pressure was a result 
ofa 13% reduction in cardiac output caused by a 16% 
decrease in heart rate; there was no significant differ- 
ence in stroke volume (from 0.19 + 0.01 to 0.20 + 
0.01 ml/beat). Total peripheral vascular resistance was 
not significantly reduced by labetalol. Thus the blood 
pressure—lowering effect of labetalol in the hyperten- 
sive pregnant rat was primarily due to its B-adrenergic 
blocking effect. The total effective dose of labetalol 
was extremely variable, however. Six rats required 1 
to 2 mg/kg, whereas four rats required 3 to 6 mg/kg 
to lower diastolic blood pressure to =100 mm Hg. 
When analyzed separately, total peripheral resistance 
was significantly reduced in the four rats receiving 
the larger amount (from 3.8 + 0.2 to 3.1 + 0.2 
mm Hg/ml/min/100 gm, p < 0.001) but not in the six 
rats receiving 1 to 2 mg/kg (3.3 + 0.3 versus 3.2 + 0.3 
mm Hg/ml/min/100 gm, p = 0.76). Thus at high 
doses the blood pressure—lowering effect of labetalol 
is also due to its a-adrenergic blocking effect or its 
vasodilating effect. 

The effects of labetalol on regional blood flow are 
summarized in Fig. 2. Blood flow was reduced after 
labetalol treatment only in the skeletal muscle (carcass 
— 19%) and splanchnic (— 15%) circulations. ‘Blood 
flows to the other regions, including the reproductive 
organs, were not significantly altered. 

The effects of labetalol on individual organ blood 
flows and resistances are shown in Fig. 3. The reduction 
in skeletal muscle ‘carcass) blood flow was simply the 
result of a reduction in perfusion pressure, because 
carcass vascular resistance was unchanged. Splanchnic 
flow decreased because of reductions in blood flow to 
the stomach, small intestine, and pancreas, but vascular 
resistance was significantly increased only in the stom- 
ach and pancreas. Perfusion of the large intestine, 
spleen, and hepatic artery was unchanged, but spleen 
and hepatic artery vascular resistances were reduced 
after labetalol administration. Renal, adrenal, and skin 
blood flows were maintained constant despite the de- 
crease in perfusion pressure because of significant re- 
ductions in the vascular resistances of these organs. 
Although total blood flow to the reproductive organs 
was not significantly altered, uterine wall perfusion and 
ovarian perfusion were significantly reduced after 
labetalol treatment. The reduction in ovarian per- 
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Fig. 3. Individual organ blood flows and vascular resistances before (baseline) and 30 minutes after 
(labetalol) intraventricular administration of labetalol hydrochloride (1 to 6 mg/ kg) in 10 hypertensive, 
term-pregnant spontaneously hypertensive rats. 


fusion was due solely to the decrease in perfusion 
pressure, because vascular resistance was not signifi- 
cantly changed, but uterine wall vascular resistance 
was marginally significantly increased. Placental per- 
fusion and resistance were not significantly altered by 
labetalol. 


Comment 


The spontaneously hypertensive rat is now widely 
accepted as a useful model of human essential hyper- 
tension, but it has not been a useful model of hyper- 
tension during pregnancy. Blood pressure falls pro- 
gressively during the last third of gestation in sponta- 
neously hypertensive rats with normal-sized litters of 8 
to 10 fetuses, and by term the blood pressure is not 
significantly higher than that of normotensive strains 
of rats.** Reducing litter size to two conceptuses, 
however, completely . prevented the blood pressure— 
lowering effect of pregnancy. At term, blood pressure 
was not significantly lower than that at conception in 
tnis unique experimental model of extreme essential 
hypertension during pregnancy. It is difficult to know 
to what extent animal data can be applied to human 
disease states. Nevertheless, it is more appropriate to 
use a hypertensive pregnant animal than to use a nor- 
motensive pregnant animal to investigate the hemo- 
dynamic and organ perfusion effects of antihyperten- 
sive drugs. Pregnancy normally causes systemic vaso- 
dilation and the vascular tone of term-pregnant 
normotensive individuals is already low. Hypertension, 


however, is characterized by a high peripheral vascular 
resistance and changes in perfusion pressure induced 
by antihypertensive drugs would undoubtedly cause 
different vascular responses in hypertensive animals 
than in normotensive animals. . 

Labetalol is a new antihypertensive agent that com- 
bines the effects of propranolol and prazosin. The ratio 
of B/a antagonism ranges from 3:1 to 7:1, depending 
on the experimental animal and conditions.** Unlike 
conventional ®-adrenegic blockers without intrinsic 
sympathomimetic activity, labetalol produces a decrease 
in peripheral vascular resistance with only a moderate 
decrease in heart rate and cardiac output. Evidence 
also suggests that it has a direct vasodilator action me- 
diated by f,.-adrenergic receptors.® There is consider- 
able experience with the use of labetalol in the treat- 
ment of essential hypertension and the management of 
various hypertensive emergencies, but experience in 
hypertensive pregnant patients is still limited. Recent 
clinical studies, however, indicate that labetalol effec- 
tively lowers maternal blood pressure in preeclamptic 
pregnancy’ and that it is a safe alternative to hydral- 
azine for the treatment of severe hypertension in the 
peripartum.® , 

The present results indicate that labetalol also effec- 
tively lowers blood pressure in the hypertensive, term- 
pregnant spontaneously hypertensive rat. However, 
the decrease in blood pressure appeared to be due to 
its B-adrenergic blocking action (i.e., decrease in car- 
diac output) and not to its a,adrenergic blocking or 
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G.-adrenergic stimulatory action. Qualitatively similar 
effects were observed by Karlsson et al.° in renal hy- 
pertensive pregnant rats after the acute administration 
of the nonselective B-adrenergic blocking agent pro- 
pranolol. The explanation of this lack of effect on to- 
tal peripheral vascular resistance may be that the 
8-adrenergic blocking action of labetalol is so much 
stronger than its a-adrenergic blocking action that 
high doses are necessary for the «,-adrenergic blocking 
action to be manifested. A more detailed analysis of 
our results supports this hypothesis. As was the case in 
human beings,® there was considerable variability in the 
total dose of labetalol required to control blood pres- 
sure in the spontaneously hypertensive rat. Although 
the mean total dose given was 3.0 + 0.6 mg/kg, four 
of the 10 rats required >3 mg/kg to effectively lower 
diastolic pressure to 100 mm Hg. In those rats in which 
<3 mg/kg of labetalol lowered diastolic blood pressure 
to <100 mm Hg, the effect on total peripheral vascular 
resistance was variable and not statistically significant. 
However, in those rats in which 3 to 6 mg/kg of 
labetalol was required a significant reduction in total 
peripheral resistance occurred. Because only four an- 
imals required doses =3 mg/kg to effectively lower 
blood pressure, more work is necessary to substantiate 
this differential effect of low and high doses of 
labetalol. 

In the rat with renal hypertension both uterine per- 
fusion and placental perfusion were decreased because 
of significant increases in resistance after propranolol 
administration.” In contrast, in the present study la- 
betalol did not induce an increase in preplacental vas- 
cular resistance, and placental blood flow was un- 
changed, but uterine wall perfusion fell 35% because 
of an apparent increase in resistance. The explanation 
for this discrepancy is not clear from these results and 
we can only speculate that any preplacental vasocon- 
strictor response after B-adrenergic blockade is effec- 
tively counteracted by the postsynaptic a,-adrenergic 
blockade or the direct vasodilation produced by labet- 
alol. Our results in hypertensive, pregnant, sponta- 
neously hypertensive rats are in general agreement 
with those of Lunell!® and Nylund" et al. in preeclamp- 
tic women. These investigators did not quantitate 
uteroplacental blood flow, but Lunell and his associates 
were able to calculate an index of placental blood flow 
by a radioactive indium clearance technique. Despite a 
significant decrease in blood pressure after labetalol 
treatment, no change in the placental blood flow index 
occurred. 

In contrast to the present results with labetalol, we’? 
have previously demonstrated that lowering blood 
pressure with hydralazine in the hypertensive, preg- 
nant, spontaneously hypertensive rat is associated with 
a significant decrease in placental blood flow. Although 
it was originally reported by Lunell et al.” that the 
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placental blood flow index was unaffected in pre- 
eclamptic patients treated with dihydralazine, a rean- 
alysis of their data indicated that when dihydralazine 
failed to control blood pressure, the placental blood 
flow index also was reduced." A reduction in placental 
blood flow may account for the increased incidence of 
fetal distress observed in hypertensive women treated 
with hydralazine.* * This, combined with its variable 
onset and duration of action, induction of reflex tachy- 
cardia, and failure to control hypertension in some se- 
vere cases, makes the use of hydralazine less than ideal 
in the treatment of hypertensive emergencies during 
pregnancy. Because labetalol does not decrease placen- 
tal blood flow or induce serious side effects, it may be 
a useful addition to the drugs available for treatment 
of hypertension during pregnancy. 


We thank Mr. Ed B. Cannon for his laboratory tech- 
nical assistance. 
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Neodymium: yttrium-aluminum-garnet laser occlusion of rhesus 


placental vasculature via fetoscopy 


Julian E. DeLia, MD,* Mark A. Cukierski, PhD, Dan K. Lundergan, BS,” and 


Neil K. Kochenour, MD* 
Salt Lake City, Utah, and Davis, California 


We tested the feasibility of photocoagulating placental vascular communications with a fetoscopically 
delivered neodymium: yttrium-aluminum-garnet laser in 12 pregnant monkeys in the second trimester. The 
technique was successful in eight cases. One ended in spontaneous labor 2 weeks after occlusion and 
one stillbirth occurred at term. Six live fetuses were delivered at term, with all treated vessels 
demonstrating occlusion. There was minimal placental damage at the laser impact sites, and no fetal 
abnormalities were detected. Long-term occlusion of placental vasculature can be accomplished by 
fetoscopically delivered laser energy. (Am J OBSTET GYNECOL 1989;160:485-9.) 


Key words: Fetoscopy, neodymium: yttrium-aluminum-garnet laser, placental vasculature 


Placental vascular communications can cause fetal 
morbidity and mortality in human twin pregnancy.’ 
Under certain circumstances, blood shunted between 
twins with monochorionic placentas may lead to heart 
failure from circulatory overload or anemia (twin trans- 
fusion syndrome) and intrauterine death or immature 
delivery of otherwise normal fetuses. In utero inter- 
ruption of the shared circulation in early pregnancy 
theoretically would correct the hemodynamic abnor- 
mality and improve perinatal outcome.” 

Previous experiments in the sheep preparation have 
demonstrated that fetal-placental surgery with the fi- 
beroptically delivered neodymium: yttrium-aluminum- 
garnet laser can be performed under direct fetoscopic 
visualization.* * The abnormalities associated with pla- 
cental vascular communications may be particularly 
suitable for the application of current laser-fetoscope 
technology. 

Although there is no suitable animal model dem- 
onstrating monochorionic placentation with vascular 
communications, the rhesus monkey placenta shares 
similar structural and circulatory patterns with the hu- 
man placenta.’ In addition, in 80% of singleton preg- 
nancies the placenta is bidiscoid with arterial and ve- 
nous communications between placental disks. Since 
open surgical ligation of the communicating vessels in 
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this animal can be performed without abortion,’ we 
used this model to test for long-term photocoagulation 
of placental vessels and untoward effects on the fetus 
and surrounding tissues. 


Material and methods 


These experiments were performed over a 2-year 
period (three primate breeding cycles, four prepara- 
tions per cycle) at the California Primate Research Cen- 
ter at Davis, California. Twelve rhesus monkeys were 
examined ultrasonographically to document preg- 
nancy, gestational age, bilobed placentation, and loca- 
tion of the primary (umbilical cord insertion) and sec- 
ondary disks. At the end of the second trimester 
(term = 160 + 5 days) the animals were preanesthe- 
tized with ketamine (6 mg/kg) and atropine (0.4 
mg/kg) and placed under general inhalational anes- 
thesia (nitrous oxide, halothane, oxygen). With sterile 
techniques a laparotomy was performed and the uterus 
was exteriorized. 

The communicating vessels were identified by uter- 
ine transillumination to determine the most appropri- 
ate entry site for the fetoscope (Olympus Selfloc Lens, 
Olympus Corporation of America, Lake Success, N.Y.). 
The scope was inserted through a stab wound, and a 
purse-string 2-0 chromic suture was used to prevent 
leakage of amniotic fluid. The visualized communicat- 
ing vessels were noted to be between 0.5 and 1.5 mm 
in diameter. A silicon-encased quartz fiber was used 
to transmit the Nd: YAG energy (model 8000, Cooper 
LaserSonics, Santa Clara, Calif.). In the first four 
experiments a 600 um fiber was used with the laser 
output set at 80 W; for the last eight a 400 pm fiber 
and 40W were used. A second puncture was initially 
planned for the laser fiber; however, after consid- 
erable difficulty was encountered in coordinating the 
fiber and the scope in the first animal, the fiber was 
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Fig. 1. Term placenta from the second preparation showing gross comparison of the disks. The 
body of the main disk (A) appears normal whereas the secondary disk (B) shows degenerative changes. 
Four groups of communicating vessels and their associated membranes have been disrupted over 
the edge of the primary disk. 


Table I. Summary of pr cedure outcomes 













Pregnancy 
termination 


Laser 
surgery 


Maternal 
No. 







Outcome Comments 





19166 99 155 Unsuccessful procedure [wo-puncture technique; could not 
coordinate fiber and scope 
17565 9] 156 Four vessel groups occluded; degenerated 
secondary disk 
16260 100 100 Unsuccessful procedure Abruptio placentae 
20154 91 105 One group occluded 5 cm Hysterotomy, chorioamnionitis, 
and premature labor 
20613 103 157 Unsuccessful procedure Omission of preoperative tocolytic 
19854 99 151 lwo of four groups occluded on sec- Intraoperative disorientation(?) 
ondary disk; segmental degeneration 
18415 95 155 Four of six groups occluded; degenera- — 
tion of secondary disk 
16363 100 154 Two groups occluded on secondary disk; Intraoperative disorientation(?) 
degenerated secondary dise 
17664 116 157 Four of seven groups occluded; segmen- — 
tal degenerauon 
19999 112 153 Unsuccessful procedure Amniotic fluid too particulate to see 
vessels 
18914 111 154 One of four groups occluded; segmental — 
degeneration 
2062 | 107 148 Placenta consumed by mother Stillbirth, vaginal delivery, tetus 


attached directly to the side of the scope with suture After photocoagulation of all apparent communi- 


for the remaining 11 cases. With 2 cm as the optimal cations. the instruments were removed, and the uterine 
intrauterine depth of visualization, the fiber was held incisions were repaired with 2-0 chromic sutures. The 
1 cm from the communicating vessels to give a 1.2 and abdominal incision was closed in a standard manner. 
| mm spot sizes with the 600 and 400 pm fibers, re- 


spectively. The vessels were photocoagulated for two 


The animals were given postoperative antibiotic pro- 
phylaxis (oxacillin, 100 mg/kg for 3 days), tocolysis (10 


to three seconds over a distance of | cm at a point 
presumed to be the periphery of the primary placental 


disk. 


mg indomethacin intravenously before and after op- 
eration), and morphine analgesia (Numorphan, 0.15 
mg/kg three times a day for 3 days). 
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Fig. 2. Longitudinal section of a photocoagulated chorionic vessel from the primary disk, which has 
been completely occluded as confirmed by serial sections (arrows). An organized clot is seen in the 
right side of the occluded lumen. The empty lumen on the left is in the direction of the secondary 


disk. 





Fig. 3. A section of the primary disk beneath the laser impact site. The area on the left shows 
thermal degenerative changes including coagulation necrosis, stromal consolidation, and focal areas 
of mineralization. The right side shows normal villous structure. 


All animals were cared for according to standards 
outlined in the Animal Welfare Act and the Current 
National Institutes of Health Guide for the Care and 
Use of Laboratory Animals. 

Because the rhesus mother usually consumes the pla- 
centa immediately post partum, all animals were sched- 
uled to undergo elective cesarean section near term to 
facilitate examination of the fetus and placenta. Pla- 
centas were examined closely to determine the dimen- 
sions and weight and the condition of the cord, mem- 
branes, fetal and maternal surfaces, and villous blood 


vessels. Selected tissue samples from the disk and laser 
impact sites were embedded in paraffin sectioned at 
6 um, stained with hematoxylin and eosin, and ex- 
amined histologically for thermal and degenerative 
changes. 


Results 


The outcome of the 12 experiments is shown in Table 
I. In the initial preparation (No. 19166), the commu- 
nicating vessels were easily identified with the fetoscope 
but we were unable to coordinate the fiber and scope. 
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This procedure was terminated after 1 hour to prevent 
the onset of premature labor. In the second (No. 
17565), four groups of vessels were identified and co- 
agulated (Fig. 1). At delivery the secondary disk was 
degenerated, and histologic evaluation of the interpla- 
cental chorionic vessels showed total occlusion ( Fig. 2). 
The chorionic membranes at each laser impact site were 
lacerated, with thermal injury extending several milli- 
meters below the chorionic plate (Fig. 3). These ob- 
servations were consistently present in the other suc- 
cessful experiments that went to term. 

Technical problems were encountered in four other 
preparations. In the third (No. 16260), the experiment 
was terminated at the initial operation because of an 
abruptioplacentae of the main placental disk immedi- 
ately after insertion of the fetoscope. This disk was 
tenuously attached to the uterus because of an old an- 
nular infarct that had not been detected before oper- 
ation. In the fourth (No. 20154), a hysterotomy was 
necessary to locate the single group of communicating 
vessels. These were photocoagulated with a hand-held 
fiber using the same dosimetry. Two weeks later vaginal 
bleeding necessitated emergency cesarean section. Al- 
though the villi of the secondary disk were completely 
avascular because of complete interruption of the blood 
supply, multiple, small, white infarcts were seen on the 
surfaces of the disks and proved to be subchrionic ab- 
scesses on histologic examination. 

The fifth preparation (No. 20613) failed because of 
inadvertent omission of the preoperative indometha- 
cin. At operation, the uterine irritability caused the am- 
niotic sac to compress, making it impossible to keep the 
fetus safely away from the placental vessels that were 
to be photocoagulated. In the tenth (No. 19999), the 
amniotic fluid contained an inordinate amount of par- 
ticulate material, making visualization of the vessels im- 
possible. The procedure was terminated after 1 hour. 

In the sixth (No. 19854) and eighth (No. 16363) 
preparations, the communicating vessels were photo- 
coagulated inadvertently on the secondary disk because 
of either misinterpretation of the preoperative ultra- 
sonogram or disorientation while manipulating in the 
uterus. However, the placental and vascular findings 
were similar to those found with vascular occlusion over 
the primary disk. 

A single fetal stillbirth occurred in the last prepa- 
ration (No. 20621) 41 days after the laser surgery. Ex- 
amination of the fetus revealed a term infant of normal 
size, weight, and configuration. The placenta was con- 
sumed by the mother before it could be recovered for 
evaluation. 

All fetuses, regardless of the outcome of the surgery, 
were considered normal for gestational age on close 
physical examination. 
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Comment 


These experiments, combined with previous obser- 
vations, verify the potential use of fetoscopically di- 
rected Nd: YAG laser energy to interrupt placental vas- 
cular communications. The changes observed in the 
secondary disk after laser occlusion of the blood supply 
were consistent with the changes observed with open 
surgical ligation.® Histologic examination of the disks 
and the interplacental vessels confirms that the circu- 
lation can be successfully interrupted and remain 
sealed over a long period of time. The apparent ther- 
mal degeneration of the tissues at the laser impact sites 
did not appear to cause significant problems in the 
pregnancies that went to term. In the one experiment 
performed through a hysterotomy incision, an infec- 
tion subsequently developed and outcome was poor. 
This result may be explained by the modification and 
extent of the surgery in this case. The stillborn fetus 
from the last preparation was anatomically normal. The 
loss of its placenta precluded the determination of a 
cause of death. 

This treatment modality might be most applicable in 
the human pregnancy between the eighteenth and 
twenty-fifth weeks of gestation, when the more serious 
expressions of twin transfusions are diagnosed.’ The 
outcomes for these affected pregnancies are currently 
dismal. During this period the fetal eyelids would be 
fused, affording theoretical protection to the eyes from 
the low-power densities of the reflected laser energy. 

Although we attempted to create a scenario that par- 
allels the anatomic disorder in the monochorionic twin 
placenta with vascular communications, we recognize 
that the placental hemodynamics and anatomy are dif- 
ferent in this clinical problem. However, the vessels 
should be of similar diameter and generally overlie the 
placental body, similar to the situation mimicked here, 
at the points where occlusion is attempted. Clearly, a 
high degree of familiarity with the anatomic variants 
of the communicating vessels will be necessary to per- 
form this procedure in the human. The fetoscopically 
delivered Nd: YAG laser can be used to occlude these 
placental vessels over the long term with minimal dam- 
age to the surrounding Ussues. 


We thank Dr. Charles E. Enderby of Cooper 
LaserSonics, Inc., and Dr. David Barlow and Mr. Joseph 
R. Williams of the Olympus Corporation of America 
for their generous support during this project. 
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Effect of exogenous prostacyclin on central and uterine 


hemodynamics in the chronically instrumented pregnant guinea 


pig before and after indomethacin administration 


Carl P. Weiner, MD, Michael Hdez, BA, David H. Chestnut, MD, and James Herrig, BS* 


Iowa City, Iowa 


The effect of prostacyclin before and after pretreatment with indomethacin was studied in the chronically 
instrumented pregnant guinea pig. Twenty-six animals were studied between 45 and 65 days’ gestation. 
Prostacyclin (6.25, 12.5, 25, 50, and 125 g/kg/min) produced a dose-dependent decrease in arterial 
pressure (r = —0.915, p < 0.0001) and uterine artery blood flow velocity, as measured by a miniaturized 
Doppler flow probe (r = —0.850, p = 0.0001), and an increase in heart rate (r = 0.745, p = 0.0335). 
Uterine resistance increased at each dose, with 125 .g/kg/min generating an increase greater than all 
others (p < 0.02). The hypotensive effect of prostacyclin was blunted by indomethacin (p = 0.018). 
Rather than blunting the expected changes in the remaining parameters, pretreatment with indomethacin 
followed by prostacyclin significantly decreased uterine blood flow velocity further and increased uterine 
resistance. We conclude that prostacyclin infusion can have adverse effects on uterine blood flow and that 
these are altered by pretreatment with a prostaglandin synthetase inhibitor. Prostacyclin should be avoided 
in women with preeclampsia until further animal studies are available. (Am J OBSTET GYNECOL 


1989;160:489-93.) 


Key words: Pregnancy, prostacyclin, uterine blood flow, Doppler, indomethacin 


The preeclampsia-eclampsia syndrome is charac- 
terized by an imbalance between prostacyclin and 
thromboxane resulting in a relative deficiency of pros- 
tacyclin.’ It has been suggested that prostacyclin re- 
placement by intravenous infusion might be useful 
short-term therapy for women with preeclampsia.? The 
administration of prostacyclin to the gravid ewe both 
reduces maternal blood pressure and increases uterine 
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artery blood flow,’ although the latter appears to be 
associated with an increase in noncotyledonary blood 
flow. Flow to the cotyledon of the ovine syndesmo- 
chorial placenta is unaltered by prostacyclin.** A recent 
study of women with preeclampsia revealed a 24% re- 
duction in intervillous blood flow during prostacyclin 
infusion.® Although the drop was not statistically sig- 
nificant, this lack of significance may reflect the study’s 
small sample size (n = 13) rather than a lack of an 
effect. The effect of exogenous prostacyclin on cardio- 
vascular and uterine hemodynamics has not been stud- 
ied either in an animal with a hemomonochorial pla- 
centa or in a gravid animal deficient in endogenous 
prostacyclin. The pregnant guinea pig has a hemo- 
monochorial placenta; its pregnancy shares a number 
of similarities to that in women.’ The purpose of this 
study was to examine the effect of prostacyclin on cen- 
tral and uterine hemodynamics before and after in- 
domethacin administration in the pregnant guinea pig. 


a 
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' Methods 


` In the first part of the study, a prostacyclin dose- 
response curve was constructed in 14 animals by in- 
fusing 6.25, 12.5, 25, 50, and 125 wg/kg/min. The 
order of infusion was randomly altered for each animal. 
In the second part of the study, the effect of indo- 
methacin (1 mg intravenously 60 minutes before the 
study was begun) on the prostacyclin dose-response 
curve was examined in 12 animals by infusing prosta- 


cyclin (12.5, 50, and 125 g/kg/min) before and after. 


indomethacin. In a previous study,” we had demon- 
strated that 0.5 mg indomethacin shifts the angiotensin 
II dose-response curve’ to the left and thus presumably 
inhibits prostacyclin synthesis. When indomethacin was 
given first, the animal was allowed at least 48 hours to 
recover before the experiment was completed. 

The study was divided into two sections sharing a 
common experimental design: Baseline—10 minute 
prostacyclin infusion—recovery—repeat cycle. During 
an experiment the animal was housed in its, pen with 
ready access to food. The animal was constantly mon- 
itored for 90 to 120 minutes before the experiment was 
initiated. Baseline measurements represent the mean 
of the 2-minute interval immediately preceding the 10- 
minute study infusion. The animal was allowed at least 
90 minutes of recovery time after all parameters had 
returned to baseline before the next infusion was 
begun. . 

The animal sede used for these studies has been 
described previously in detail.” Mixed breed guinea pigs 
were obtained from a commercial breeder at 0.6 of 
gestation (determined by day of mating; term = 65 
days; confirmed by day of delivery), and then allowed 
to acclimate to the laboratory environment for 3 to 4 
days: Guinea pig chow and water were supplied as de- 
sired along with fresh vegetables every few days. Room 
lights were cycled with 12 hours on and 12 hours off. 
Under sterile conditions and with the animals under 
general anesthesia (intramuscular xylazine 1 mg/kg 
and intraperitoneal ketamine 80 mg/kg, supplemented 
by local infiltration of 1% lidocaine), catheters (poly- 
ethylene 50, outer diameter = 0.965 mm, inner di- 
ameter = 0.580 mm, Clay Adams, Parsippany, N.J.) 
were inserted via a ventral, midline neck incision into 
the external jugular vein and carotid artery. The ar- 
terial catheter was advanced into the descending aorta 
below the origin of the renal arteries. Each catheter was 
secured by a silk suture and cyanoacrylate glue and 
then exteriorized through a small incision in the nape 
of the neck. ` 

Through a midline abdominal incision, a 1 cm seg- 
ment of the main uterine artery between two pups was 
dissected free by microsurgical techniques. A flow 
probe constructed in our laboratory from a 20 MHz 
piezoelectric crystal 0.75 mm in diameter (Valpey- 
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Fisher, Hopkinton, Mass.) was affixed to the underside 
of the artery with a cyanoacrylate glue. Care was 
taken to confine the glue to the underside of the 
artery to prevent stricture formation. The artery was 
then maximally dilated with topical 1% lidocaine and 
the site covered with a medical grade polymer (Dow 
Corning, Midland, Mich.). Probe wires were exterior- 
ized through the same wound as the catheters. At least 
7 days was allowed for surgical recovery before any 
experiment was initiated. Proper probe attachment 
does not result in maternal hypertension or fetal 
growth retardation, and uterine artery blood flow ve- 
locity. increases progressively as expected during the 
remainder of the gestation. The correlation between 
the change in flow velocity and the change in absolute 
flow (as measured by either direct perfusion, electro- 
magnetic flow probe, or microspheres in a variety of 
organs at flow rates from 0.1 to 50 ml/min) exceeded 
0.9 in all studies to date.”*"* l 

During each experiment, mean arterial pressure 
(MAP) and heart rate were obtained through the de- 
scending aorta catheter (Electromedics transducer No. 
MS 20-BA-07ADS and cardiotachometer coupler No. 
9857, SensorMedics Corp., Anaheim, Calif.). Uterine 
blood flow velocity was recorded as the mean velocity 
signal (MVS). Because of the linear proportionality be- 
tween the change in uterine blood flow velocity and the 
change in actual flow, the change in resistance within 
the uterine vasculature in response to various pertu- 
bations can be calculated as follows: 


MAP, MAP. MAP. 

(ive 4 / kal A 
where control is indicated.by a subscript c and the test 
period by a subscript t.*° Hemodynamic data were re- 
corded continuously on both a dynograph (model 
R511A, SensorMedics Corp.) and an on-line computer 
(IBM-XT) with the LABTECH NOTEBOOK, rel. 4.12 
(Laboratory Technologies Corp., Wilmington, Mass.) 
and Lotus 1-2-3, rel. 2.01 (Lotus Development Corp., 
Cambridge, Mass.) software. 

All reagents were prepared on the day of study. Pros- 
tacyclin (catalogue No. P8776, Sigma Chemical Co., 
St. Louis) was dissolved in Tris-ammonium buffer at a 
pH of 10 and maintained on liquid ice. Indomethacin 
(Sigma) was dissolved in a phosphate buffer at a pH of 
7.8. Vehicle-only infusions for prostacyclin and indo- 
methacin failed to alter the baseline measurements and 
are not included in the Results section. The maximum 
infusion rate was 4 ml/hr. 

_ Analyses were based on both the absolute value and 
the percent change from baseline during the mean of 
the 10-minute infusion period; subroutines from SAS 


(Statistical Analysis Systems, Parker, Colo., rel. 5) and 
ABSTAT (Anderson-Bell, Parker Colo., rel. 5.02) were 
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Fig. 1. Effect of prostacyclin on mean arterial pressure (MAP), heart rate (HR), uterine blood flow 
velocity (UBFV), and change in resistance within uterine vasculature (UR). Dose-dependent decrease 
in MAP and UBFV and increase in HR were seen. UR was significantly increased over baseline for 
each infusion rate with 125 ug/kg/min dose being greater than all others. 


used. These included linear correlation, linear regres- 
sion, paired ¢ test, Kruskal-Wallis analysis of variance 
by ranks, and analysis of variance with replication and 
Scheffe’s test for significant differences. A difference 
was assumed to be significant when the p value was 
<0.05 (two-tailed where appropriate) and near signif- 
icant when the p value was <0.10. Unless noted, values 
presented represent the percent change from baseline. 


Results 


Prostacyclin resulted in a dose-dependent decrease 
in mean arterial pressure (r = —0.915, p < 0.0001) 
and in uterine blood flow velocity (r = .— 0.850, p= 
0.0001) and an increase in heart rate (r = 0.745, 
p = 0.0335). Uterine resistance rose significantly dur- 
ing each infusion. The increase in uterine resistance at 
the 125 pg/kg/min dose was greater than all others 
(p < 0.02) (Fig. 1). 

These findings were reproduced with 12.5, 50, and 
125 wg/kg/min infusions in 12 different .animals 
that also received indomethacin. Before indomethacin, 
dose-dependent changes with prostacyclin were ob- 
served for mean arterial pressure (r = — 0.803, p < 
0.0005), heart rate (r = 0.374, p < 0.05), uterine blood 
flow velocity (r = — 0.747, p < 0.0005), and uterine re- 
sistance (r. = 0.373, p < 0.05) (Fig. 2, A and B). After 
indomethacin, the dose-dependent effects. of -pros- 
tacyclin on mean arterial pressure (r = —0.796, p < 
0.0005), uterine blood flow velocity (r = — 0.684, p< 


0.0005), and heart rate (r = 0.373; p < 0.05) persisted | 


whereas that for uterine resistance (r = 0.183: p = NS) 
was lost. The increase in resistance over baseline re- 
mained significant. The hypotensive effect of prosta- 
cyclin across all doses after indomethacin was blunted 
(p = 0.018 for the absolute change from baseline, 
p = 0.050 for the percent change from baseline). 


Within doses, a significant decrease in the hypotensive 
effect occurred only with the 125 pg/ kg/min dose (Fig. 
2, A). Despite the. blunting of the hypotensive effect, 
the detrimental effects of prostacyclin on uterine blood 
flow velocity and uterine resistance were not reduced 
( Fig. 2, B). Rather, there was a left shift. Before in- 
domethacin, the 50 g/kg/min infusion dropped the 
mean arterial pressure 15% while reducing the uterine 
blood flow velocity 24% and increasing the uterine re- 
sistance 28%. After indomethacin, the mean arterial 
pressure declined 13% in association with a 34% decline 
in uterine blood flow velocity (p = 0.03 compared with 
value before indomethacin) and a 48% increase in uter- 
ine resistance (p = 0.04 compared with value before 
indomethacin). 


Comment l | n, 

Although the cause of the preeclampsia-eclampsia 
syndrome is unknown, an abnormal prostacyc- 
lin/thromboxane ratio is characteristic and thought to 
play a major role in the pathophysiologic features, of 
the disease." '* Herein lies the appeal of replacement 
therapy. However, previous therapeutic investigations 
have demonstrated mixed results,” '® 17 Although ma- 
ternal blood pressure was effectively lowered by pros- 
tacyclin infusion, there were a number of stillbirths. 
The present investigation adds a further note of cau- 
tion to that advanced by the clinical studies and offers 
a possible explanation for the stillbirths. _ l 

The effect of exogenous prostacyclin, at a dose se- 
lected to reduce the maternal mean arterial pressure 
by a percentage similar to what might be needed in 
clinical practice (50 pg/kg/ min), was to reduce uterine 
blood flow velocity and increase uterine resistance. In 
animals pretreated with indomethacin (and thus pre- 
sumably deficient in endogenous prostacyclin), the ad- 
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Fig. 2. A, Effect of indomethacin on prostacyclin dose-response curve. Increase in heart rate (HR) 
during 50 pg/kg/min infusion was significantly greater after indomethacin. Decline in mean arterial 
pressure (MAP) was blunted. B, Effect of indomethacin on prostacyclin dose-response curve. De- 
crease in uterine blood flow velocity (UBFV) and increase in change in resistance within uterine 
vasculature (UR) during 50 pg/kg/min infusion was significantly greater after indomethacin. 


verse effects of a prostacyclin infusion on uterine blood 
flow velocity and uterine resistance were enhanced. 
Other prostanoids such as thromboxane also were likely 
reduced; however, these experiments would not en- 
hance platelet activation (the principal source of throm- 
boxane). Indomethacin has been reported to acutely 
reduce uterine blood flow and increase uterine resis- 
tance in the ewe by a mechanism that remains un- 
known.'® However, the effect of indomethacin on the 
uterine circulation lasted only 10 minutes in that study. 
The 60-minute wait between indomethacin adminis- 
tration and initiation of the studies, coupled with the 
requirement that the animal have a stable baseline be- 
fore study, should have circumvented the acute effects 
of indomethacin on the central and uterine circulation. 

The potential contribution to the increase in uterine 
resistance observed during prostacyclin infusion by cat- 
echolamines released in response to systemic hypoten- 
sion cannot be quantified. However, there is no reason 
to suspect the contribution is not similar in the woman 
with preeclampsia. 


Uterine contractile activity is not monitored in this 
model. Thus we cannot be sure that an abrupt increase 
in uterine activity did not contribute to our findings. 
However, prostacyclin and Tris buffer (as vehicle) do 
not increase either uterine contractile activity or tone 
in pregnant sheep.° 

Our study supports in part the work of Landauer 
et äl. and Parisi and Rankin” in an ovine model. In 
their studies prostacyclin neither increased cotyledon- 
ary flow nor dilated the uterine vasculature after pre- 
constriction with angioténsin II. These investigators 
did not monitor the fetus and our model does not cur- 
rently permit continuous fetal monitoring; however, we 
would speculate that a prolonged reduction in uterine 
blood flow velocity would be detrimental to the fetus 
regardless of whether uterine resistance stays the same 
or is increased by prostacyclin. The cause of the blunted 
effect of prostacyclin on mean arterial pressure after 
indomethacin observed in this study is unknown. 

In conclusion, the findings of this study, coupled with 
previous sheep and human studies, indicate that pros- 
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tacyclin replacement, as would be used for the treat- 
ment of the preeclampsia-eclampsia syndrome, dimin- 
ishes uterine blood flow, which could lead to fetal com- 
promise. Further human trials should be avoided in the 
absence of animal data suggesting safety. 
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Effects of outflow pressure on fetal lymph flow 


Robert A. Brace 
La Jolla, California 


The purpose of this study was to determine to what extent fetal thoracic duct lymph flow may be reduced 
by increases in feta! venous pressure. In pregnant sheep the fetal left thoracic lymph duct was 
catheterized at the base of the neck and this catheter was connected to a jugular-vein catheter so the 
lymph could spontaneously return to the fetal circulation. At 5 days after catheter implantation in nine 
unanesthetized fetuses at 133 + 1 (SE) days’ gestation, lymph flow was measured by disconnecting the 
lymphatic catheter from that in the jugular vein and varying outflow pressure of the lymphatic catheter 
independent of venous pressure. Whenever outflow pressure was negative, lymph flow was independent 
of outflow pressure and averaged 0.66 + 0.05 ml/min. When outflow pressure of the left thoracic duct was 
increased above zero, lymph flow decreased linearly with outflow pressure and flow stoppec at an outflow 
pressure of 11.5 + 0.6 mm Hg. At a normal venous pressure of 3 mm Hg, the lymph-flow sensitivity to 
venous pressure was such that a 1 mm Hg rise in venous pressure reduced ‘lymph flow by 12.7% + 1.2%. 
Thus it appears that fetal lymph flow is very sensitive to outflow pressure and only moderate elevations in 
venous pressure potentially may lead to fetal edema. (Am J OBSTET GYNECOL 1989;160:494-7.) 


Key words: Fetus, venous pressure, hydrops fetalis, edema 


The distribution of fluid in the fetus between its vas- 
cular and interstitial spaces depends on a balance of 
fluid and protein movements within the fetal body. 
Fluid and protein normally flow out of the vascular 
compartment across the fetal capillaries and enter the 
interstitial space. To counter this egress, the lymphatic 
system returns fluid and protein to the circulation and 
thereby prevents excess fluid accumulation within the 
interstitium. Thus a possible consequence of reduced 
lymph flow in the fetus is fluid retention in the tissues 
and a gradual formation of generalized fetal edema, 
(i.e., hydrops fetalis).’ As the lymphatic system returns 
fluid to the circulation, it propels the lymph against an 
outflow pressure that is equal to venous pressure in the 
great veins at the base of the neck. Studies in adult 
animals have shown that lymph flow from the left tho- 
racic duct? and peripheral lymphatics *° decreases as 
lymphatic vessel outflow pressure increases. Little is 
known about the sensitivity of lymph flow to outflow 
pressure in the fetus. Thus this study was conducted 
to explore the relationship between thoracic duct 
lymph flow and lymphatic vessel outflow pressure in 
the chronically catheterized sheep fetus. 
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Methods 


Surgery was performed in pregnant sheep with a 


-single fetus at 128 + 1 days’ gestation. While the 


sheep were under gas-inhalation anesthesia, sterile 
procedures were used to implant plastic catheters into 
the fetal ascending the descending aorta, inferior 
vena cava, left jugular vein, and left thoracic lymph 
duct as described in detail elsewhere. Briefly, the left 
thoracic duct was catheterized at the base of the neck 
just distal to the ampulla and to the lymphatic junction 
with the venous circulation. The lymphatic catheter, 
which had a large diameter to minimize flow resistance, 
was treated with a heparin complexing procedure to 
prevent clotting and was connected to a catheter in the 
fetal jugular vein so the lymph could spontaneously 
return to the fetal circulation when lymph flow rate was 
not being measured, as detailed elsewhere. Vascular 
catheters were flushed daily with a heparin solution 
(1000 U/ml) and the animals were maintained on pro- 
phylactic antibiotics.” 

Experiments were conducted with nine unanesthe- 
tized animals 5 days after surgery when fetal age was 
133 + 1 days’ gestation. During the experiments the 
ewes stood in a metabolic cart and had free access to 
food and water. Fetal venous pressure, amniotic fluid 
pressure, and lymph flow rate were continuously mon- 
itored on a polygraph during the experiments and 
mean values were stored at 30-second intervals with the 
use of an on-line computer. Fetal venous pressure was 
referenced to the standard zero pressure reference for 
the fetus by continuously subtracting amniotic fluid 
pressure from that in the fetal venous catheter with the 
use of an on-line computer. l 

To measure lymph flow rate, the lymphatic catheter 
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was disconnected from the jugular vein catheter and 
allowed to drain into a continuously weighed vial. 
Lymzh flow rate was calculated from the changes in 
weight with time with the on-line computer.® The pres- 
sure at the external tip of the lymphatic catheter was 
continuously recorded from a side arm at the tip of the 
lymphatic catheter as it drained into the collection vial 
with the use of the same zero pressure reference that 
was used for amniotic fluid pressure. 

The lymphatic outflow pressure was defined as the 
pressure in the left thoracic lymph duct at its junction 
with the implanted lymphatic catheter. This was cal- 
culated as the pressure in the external tip of the lym- 
phatic catheter, minus amniotic fluid pressure, plus the 
product of lymph flow rate times catheter resistance. 
The latter corrects for the pressure drop caused by 
resistance to flow in the catheter. Actual lymphatic cath- 
eter resistance was measured in each fetus at the time 
of autopsy. Outflow pressure was varied randomly dur- 
ing the experiment at 15- to 25-minute intervals by 
altering the height of the external tip of the lymphatic 
drainage catheter. After each change in catheter height, 
5 to 10 minutes were allowed to lapse to allow lymph 
flow to stabilize (i.e., to become independent of time) 
and lymph flow rates measured during this time were 
not included in the analyses. This was necessary because 
increases in catheter height were usually associated with 
periods of 3 to 5 minutes when lymph flow was tran- 
siently reduced, and decreases in catheter height were 
usually associated with transient increases in lymph flow 
that lasted the same time period. 

In five of the nine fetuses the external tip of the 
lymphatic catheter was occluded for 5 minutes while 
lymphatic pressure was monitored. This pressure, mi- 
nus amniotic fluid pressure, is termed the stopflow 
pressure and represents the maximum pressure against 
which the lymphatics can propel lymph. 

Data analysis. One-minute averages were used for 
analysis purposes and the data are presented as the 
mean + SE. Plots of lymph flow versus outflow pres- 
sure revealed a discontinuity in flow at an outflow pres- 
sure of zero. Thus data from each animal were sub- 
divided as to whether outflow pressure was positive or 
negative and then were analyzed with linear regression’ 
and standard polynomial regression techniques. Zero 
flows at high outflow pressures were excluded from the 
analysis to prevent a bias with regard to the regression 
coefficients. Paired and unpaired ¢ tests were used to 
compare groups of data. 


Results 


An average of 157 + 11 (SE) measurements of 
lymph flow and outflow pressure per animal were used 
for analysis purposes, roughly half when outflow pres- 
sure was positive and half when outflow pressure was 
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Fig. 1. Typical relationship between lymph flow rate and out- 
flow pressure illustrated by data from one fetus. Each point 
represents average over 1 minute. In negative outflow pres- 
sure region, solid and dashed lines are the mean and 95% con- 
fidence interval about the mean. In positive outflow pressure 
region, solid and dasned lines are linear regression equation and 
associated 95% confidence interval. 


negative. The relationship between lymphatic outflow 
pressure and lymph flow rate from a representative 
animal is shown in Fig. 1. With a negative outflow pres- 
sure, lymph flow rate averaged 0.66 + 0.05 ml/min in 
the nine animals and was not significantly related to 
outflow pressure in any fetus. When outflow pressure 
was positive there was a highly significant (p < 0.0001) 
linear decrease in lymph flow as outflow pressure in- 
creased in each animal. As seen in Table I, lymph flow 
decreased 0.0625 + 0.0056 ml/min for each 1 mm Hg 
rise in outflow pressure. None of the animals displayed 
a curvilinear relationship between pressure and flow 
for positive outflow pressures. The Y-axis intercept for 
a zero outflow pressure was 0.71 + 0.06 ml/min and 
this was not significantly different from the flow of 
0.66 + 0.05 ml/min measured when outflow pressure 
was negative. As seen in Table I, lymph flow stopped 
when outflow pressure was 11.5 + 0.6 mm Hg. This 
was not different from the stopflow pressure of 
11.7 + 0.3 mm Hg measured in five animals. 

As seen in Fig. 1, at any given outflow catheter height 
there were large spontaneous minute-to-minute vari- 
ations in the lymph flow rate and these were observed 
in every fetus. In addition, with the random variations 
in outflow catheter height, occasionally lymphatic.out- 
flow pressure was approximately the same during more 
than one recording interval. When this occiitred , mean’ 
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Table I. Regression analysis of the relationship between fetal thoracic duct—lymph flow rate and outflow 


presssure when outflow pressure was >0 









Animal 
number 





Correlation Slope Y-iniercept 
coefficient (ml/min/mm Hg) (ml/min) 










X-intercept 
(mm Hg) 





] — 0.741 — 0.0862 0.84 9.7 
9 — 0.481 — 0.0580 0.73 12.7 

3 — 0.541 — 0.0582 0.67 11.5 

4 — 0.829 — 0.0861 0.90 10.5 

5 — 0.899 — 0.0703 0.85 12.0 

6 —0.747 — 0.0623 0.85 13.7 

7 — 0.963 — 0.0627 0.49 7.9 

8 — 0.864 — 0.0367 0.48 13.1 

9 —0.861 _ — 0.0424 0.54 12.7 
Mean —0.770 ` —0.0625 0.71 11.5 
SE 0.054 0.0056 0.06 0.6 


Venous pressure was 2.9 + 0.5 mm Hg in these fe- 
tuses. The sensitivity of lymph flow to outflow pressure 
at the animal’s venous pressure, as calculated with the 
regression equations (Table I), was such that lymph flow 
would decrease 12.7% + 1.2% for a 1 mm Hg rise in 
venous pressure. 


Comment 


The normal outflow pressure that the lymphatic sys- 
tem must overcome to allow lymph to flow is central 
venous pressure. In this study the largest lymphatic 
vessel in the fetal body (ie., the left thoracic lymph duct) 
was catheterized and outflow pressure was varied in- 
dependent of venous pressure. Like lymph flow in the 
adult, fetal lymph flow is a function of outflow pres- 
sure in that lymph flow is independent of outflow pres- 
sure when outflow pressure is <0 and lymph flow de- 
creases as pressure is increased >0. The independence 
of ow when pressure is negative most likely occurs 
because the lymphatic vessel collapses at the junction 
with the catheter and the negative pressure would not 
be transmitted peripherally into the lymphatic tree.* * 
In one study in the adult,® lymph flow increased as 
pressure decreased to —10 mm Hg and became in- 


dependent of pressure with further decreases. This dif- _ 


ference most likely occurred because no correction for 
catheter resistance was made in that study. In prenodal 
lymphatics of the hind leg in adult sheep, outflow pres- 
sure must be increased to values considerably >0 before 
lymph flow begins to decrease.’ This may reflect a spe- 
cies difference and an increased pumping ability of 
peripheral lymphatics. : 

In the fetuses of this study, lymph flow progressively 
decreased as outflow pressure was elevated >0. Flow 
stopped entirely at an outflow pressure of 11.5mm Hg, 
as determined by linear regression, and 11.7 mm Hg, 
as determined by the stopflow method. Because the 
adult has not been extensively studied, it is difficult to 
compare the fetus and adult. The fetus may be differ- 


ent from the adult because considerably higher pres- 
sures are required to reduce lymph flow from periph- 
eral lymphatic vessels in anesthetized adult sheep® and 
stopflow pressures as high as 100 mm Hg have been 
reported in human beings.” On the other hand, the ` 
fetal sheep lymph flow sensitivity to outflow pressure 
is essentially the same as that found in the thoracic duct 
of the anesthetized dog.” In addition, higher stopflow 
pressures have been recorded in the thoracic duct of 
sheep and human beings.” Thus it appears not only 
that thoracic lymph duct flow in the fetal sheep may 
be considerably more sensitive to outflow pressure than 
in the adult sheep but also that normal venous pressure 
may be an impediment to fetal lymph flow. 

As can be seen in Fig. 1, there are considerable 
minute-to-minute variations in lymph flow rate at any 
given outflow pressure. This has been observed in all 
fetuses and appears to bea characteristic of fetal lymph 
flow.® ° Presumably, these variations are results of 
movement of the unanesthetized fetus combined with 
spontaneous variations in sympathetic stimulation of 
the lymphatics. The pressure-flow relationships in this 
study are in agreement with data from one animal pub- 
lished in abstract form.'® This study reexamined the 
pressure-flow relationships to more fully document and 
characterize the effects of outflow pressure on lymph 
flow and to relate these to venous pressure. 

The most significant implications of this study relate 
to the potential effects of venous pressure increases on 
whole body fluid distribution. Systemic edema in the 
fetus (i.e., hydrops fetalis) is often of unknown causes 
although it sometimes occurs in association with fetal 
tachycardia" '' '* '* and can be created by pacing the 
fetal heart at high rates.’ In the latter study, fetal 
venous pressure was significantly elevated during pac- 
ing. Thus a decreased fetal lymph flow secondary to 
an elevation in venous pressure may be a major con- 
tributor to the formation of hydrops fetalis. For ex- 
ample, at a normal venous pressure of 3 mm Hg as 
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found in this study, lymph flow would be 0.5 ml/min 
or 720 ml/day. A 4 mm Hg rise in venous pressure 
potentially could result in a fluid accumulation of 360 
ml/day in the fetal tissues. Hydrops might form quite 
rapidly at this rate of fluid retention. In fact, ina study 
by Nimrod et al., venous pressure was elevated an 
average of 6.7 mm Hg and 28.6 hours were required 
for the formation of ultrasonically detected hydrops. 
Finally, abnormal fetal lymphatics and lymphatic com- 
pression have been reported in association with hy- 
drops fetalis.' Thus it appears that elevated venous 
pressure in the fetus may be a major contributor to the 
formation of fetal edema because of the resultant 
suppression of lymph flow. Other factors such as in- 
creased transcapillary filtration also may be involved 
and these factors have been discussed elsewhere with 
regard to the fetus! and adult.? 8 

The conclusion that fetal lymph flow has a high sen- 
sitivity to outflow pressure is drawn on the basis of the 
assumption that shunting of the thoracic duct lymph 
to other lymphatic-venous connections did not occur 
when outflow pressure was elevated. Although several 
studies have shown that such connections form after 
chronic obstruction of the thoracic duct,’ most evi- 
dence suggests that lymphatic-venous communications 
at sites other than in the neck are uncommon." Thus 
the presently observed decrease in fetal lymph flow with 
elevations in outflow pressure is assumed to be a true 
decrease in flow rather than a redistribution. This is 
supported by our consistent observation of an over- 
shoot in flow for several minutes after the elevated 
pressures were reduced. 
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Resistance of the rat embryo to elevated maternal 


epinephrine concentrations 


Susan G. Trend, BSc(Hons), and Neville W. Bruce, PhD ` 


Perth, Western Australia, Australia 


This study examined the effects of a chronic maternal infusion of epinephrine on development of the rat 
embryo. Epinephrine was ‘infused during days 1 to 8, 8 to 15, or 15 to 22 of pregnancy to cover periods of 
implantation, ernbryogenesis, and rapid fetal growth, respectively. Infusions were accomplished with 
osmotic minipumps to dvoid repeated handling stress. The infusion rate of 0.125 g/min elevated resting 


plasma concentrations of epinephrine in nonpregnant rats by a 


bout sevenfold (from 0.28 to 1.98 ng/ml). 


Under these conditions; epinephrine did not affect the number of rats maintaining pregnancy, their litter 
size, or the numbers of resorptions, fetal deaths, and malformations. Fetal and placental weights were 
unaffécted except for a slight trend for fetal weight to be depressed in larger litters of rats treated during 
days 15 to 22. It seems that the rat embryo is resistant to elevations of epinephrine concentrations 


equivalent to those observed under mild to severe stress conditions. 


(Am J OasTeT GYNECOL 1989;160:498-501.) 


Key words: Epinephrine, pregnancy, rat, fetal development 


Many investigators have suggested that high levels of 
stress and anxiety can interfere with normal pregnancy, 
and there is good evidence from anecdotal reports,’ 
epidemiologic’ data,’ and éxperimental animal mod- 
els* ‘to support such views. However, the problem of 
defining, monitoring, and comparing levels of stress 
and anxiety in humans and animals has impeded re- 
search in the area. An alternative approach therefore 
has been used by a number of workers, in which the 
specific hormonal changes associated with stress are 
diréctly examined for their effects on embryonic de- 
velopment. The hormones investigated included cor- 
dicosteroids and medullary catécholamines (epineph- 
rine and norepinephrine). Of the catecholamines, epi- 
nephrine has received the most attention, because it is 
more readily elevated under conditions of emotional 
and mental stress.” ° Furthermore, epinephrine has 
been shown to-reduce uterine’ blood flow, a condition 
that might be expected to interfere with normal preg- 
nancy.” * Finally, the demonstration that repeated sub- 
cutaneous injections of adrenomimetic drugs can cause 
abortion ahd growth rétardation in rabbits''® ° high- 
lights the potential hazard of this hormone. Given the 
frequent claims that our present life-styles can be stréss- 
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ful, the above findings warrant further investigation if 
the possibility that epinephrine is a significant cause of 
pregnancy disturbance is to be properly addressed. 

A: sustained elevation of epinephrine levels is seen 
with certain life-style patterns’ and in the clinical con- 
dition of pregnancy-induced hypertension.'' However, 
to date, there have been no investigations into the ef- 
fects of such sustained levels on pregnancy. Therefore 
in the present work we chronically infused epinephrine 
into the jugular veins of laboratory rats. Osmotic mini- 
pumps were used to administer the hormone to avoid 
the possibility that repeated handling stress would in- 
fluence the results. We considered that epinephrine 
might interfere with pregnancy during days 1 to 8 (cov- 
ering development up to and around implantation), 
days 8 to 15 (covering embryogenesis and early fetal 
growth), and days 15 to 22 (covering rapid fetal growth 
to near term) and then administered epinephrine ac- 
cordingly during those periods. An infusion rate was 
chosen to elevate levels to those seen in mild to severely 


stressed rats.!? 


Material and methods 


Animals and experimental protocol. Nulliparous, al- 
bino Wistar rats, aged 3 to 5 months, were obtained 
from a ‘closed breeding colony at the Animal Resource 
Center, Murdoch, Western Australia. They were 
housed in an environmentally controlled room; the 
temperature range was 17° to 93° C, the relative hu- 
midity range was 55% to 70%, and lights were kept on 
from 7 AM to 9 PM. Food and water were freely available. 
The rats were mated overnight, and those with sperm- 
positive vaginal smears on éxamination the next morn- 
ing (day 1 of pregnancy) were assigned randomly to a 
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Table I. Effects of epinephrine infusion on pregnancy in rats 


Control 

No. of rats 17 
Weight at mating (gm) 267 + 5.6 
Weight gain to term (gm) 113 + 6.8 
Number per rat 

Corpora lutea 155 "03 

Implantation sites 11.6 + 1.0 

Live fetuses 10.6 + 0.9 

Resorptions 0.9 + 0.3 
Total no. of fetuses 

Male 95 

Female 85 
Mean fetal weight (mg) 5096 + 137 
Mean placental weight (mg) 566 + 27 


Values given are means + SEM. 


control group or one of three treatment groups. Each 
rat was housed individually and was fitted with a pump 
for 7 days (days 1 to 8, 8 to 15, or 15 to 22). The pumps 
contained epinephrine (treatment groups 2, 3, and 4, 
respectively} or its carrier solution (control group 1) 
and were inserted and removed between 9 Am and 12 
noon on the appropriate day. To insert the pump, the 
rat was anesthetized with ether and the pump was 
placed in a subcutaneous pocket made over the dorsal 
neck region. A cannula leading from the flow moder- 
ator of the pump was directed subcutaneously to an 
incision made over the ventral neck region, and from 
there it was inserted into a tributary of the external 
jugular vein. The cannula was tied into position and 
the skin incisions were closed. Seven days later the rat 
was anesthetized again, the cannula leading from the 
pump was cut and sealed, and the pump was removed. 
The incision was closed and the rat was returned to its 
holding cage. Anv fluid remaining in the pump was 
withdrawn into a graduated syringe, and the average 
delivery rate during the’7-day period was calculated by 
comparison with the volume of fluid originally injected 
into the pump. | | 

The pregnancy of each rat was assessed on day 22, 
the day. before expected parturition. The rat was killed 
with an overdose of pentobarbital sodium. The uterus 
was removed, and all implantation sites and the live 
and dead fetuses were identified. The fetuses and pla- 
centas were weighed to the nearest milligram. The ova- 
ries were examined and the number of corpora lutea 
counted for comparison with the number of implan- 
tation sites. The position of the cannula ih the jugular 
vein was verified, and the lungs were checked for any 
sign of thrombosis that might have followed cannu- 
lation. ' l : 
_ Epinephrine solution and pumps. Epinephrine (ad- 
renaline acid tartrate, Ramprie Laboratories, Perth, 


Days of infusion 


10 10 9 
265 + 8.0 273 + 8.8 256 + 6.9 
113 + 5.6 120-2722 122 + 8.3 
15.5 + 0.5 16.3 + 0.6 16.1 + 0.9 
IL7 + 1.3 13.6 + 0.7 14.2 + 1.4 
10.8 + 1.2 11.9 = 1.1 13.7 + 1.4 
0.9 = 0.3 1.7 >= 0.6 0.6 + 0.2 

61 59 62 

47 60 61 
5269 + 104 5010 + 99 5098 + 99 
544 + 29 580 + 25 496 + 19 


Western Australia) was dissolved in a carrier solution 
to inhibit oxidation (0.85 gm sodium chloride, 0.1 gm 
ascorbic acid, 100 ml double-distilled water) and to pro- 
vide an épinephrine concentration of 7.5 mg/ml. Os- 
motic minipumps (Alzet California, model No. 2001; 
delivering | wl/hr) were then filled with the epineph- 
rine solution or its carrier, and a 5 cm section of poly- 
ethylene tubing (0.5 mm outer diameter x 0.2 mm in- 
ner diameter) secured to the flow moderator. The 
pumps were weighed before and after filling, to deter- 
mine the initial volume of solution, and were placed in 
20 ml of normal saline solution at room temperature 
overnight to equilibrate and achieve a consistent pump- 
ing rate before implantation. 

Validation trials. Two validation trials were carried 
out on nonpregnant rats: the first to assess variability 
in delivery of flow by the pumps in situ over a period 
of 7 days and the second to assess catecholamine con- 
centrations in rats fitted with pumps as used in the full 
experiment. 

It was necessary to test variability of flow delivery 
because the manufacturer’s specifications (Alzet os- 
motic pumps technical applications file, 1984) referred 
to variability from pumps kept in ‘saline solution at 
37° C and measured only at 24-hour intervals. It did 
not cover variation caused by local environmental con- 
ditions beneath the rat’s skin and gave no indication of 
variation over short periods which, given the short half 
life of epinephrine in blood, could have resulted in 
uncertain and high variability in epinephrine concen- 
trations. Therefore pumps filled with Evans blue dye 
carrier solution were fitted in five rats according to the 
procedure already described, except that the cannula 
leading from the flow modulator was brought out 
through the incision over the dorsal neck region for 
a distance of 2 cm instead of being inserted into the 
jugular vein. When the animal had recovered, ‘a 
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10 cm section of graduated measuring cannula was 
joined to the pump cannula, and the rate of movement 
of the blue carrier solution past the graduations was 
used to assess pumping rate. A seriés of four to six 
measurements taken at 15-minute intervals was gen- 
erally made in the morning and afternoon over a 
7-day period. 

Full details of this pumping trial and.others will be 
submitted for publication, but the important finding of 
the present work was a mean rate of 1.02 +'0.347 
wl/hr (mean + SD) from 173 estimates of 15 minute 
pump rates made from five rats over 7 days. Although 
the variability was substantially greater than the.man- 
ufacturer’s estimate on the basis of 24-hour measures 
in an in vitro situation (1.11 + 0.03 pl/hr, n = 140) 
the consistency in vivo was considered to be quite ad- 
equate for the present work. There was some indication 
that pump rate declined over time with the mean rate 
falling from 1.32 + 0.06 on day 1 to 0.99 + 0.06 
ul/hr on day 7 (mean + SEM, p < 0.01, paired ż test, 
n = 5), but again, although this decline was significant, 
it was well within the tolerance of the present experi- 
mental requirements. 

The second validation trial was to establish whether 
the epinephrine solutions and pumping system would 
raise resting epinephrine concentrations to about five 
to 10 times higher than resting levels as required for 
the experiment. Norepinephrine was also monitored 
to assess any interaction, as were blood pressure and 
heart rate. Twelve nonpregnant rats were fitted with 
carotid cannulas that were exteriorized through the 
tails of animals and protected in such a way that blood 
pressure could be monitored and arterial samples col- 
lected without:handling the rat and without it being 
apparently aware of the procedure." The rats also were 
fitted with a pump containing the epinephrine or car- 
rier solution. Two days after operation, blood pressures 
were monitored and two blood saniples were collected, 
50 minutes apart, for estimation of epinephrine and 
norepinephrine” (the assays were carried out at the 
Royal Perth Hospital Medical Research Centre). 

No differences were found between epinephrine- 
infused and control rats in blood pressure (126.3 + 3.7 
and 124.5 + 3.2 mm Hg, respectively) heart rate 
(480 + 25 and 480 + 14 beats/min), or plasma nor- 
epinephrine concentrations (0.66 + 0.03 and 0.64 + 
0.05 ng/ml). Epinephrine, concentrations, however, 
were consistently elevated by about sévenfold in the 
infused rats (1.98 + 0.25 ng/ml) wheré compared with 
the controls (0.28 + 0.07 ng/ml). The coefficient of 


variation of epinephrine levels in the treated rats was, 


50%. 

Results 

All animals were observed to be in good health 
throughout pregnancy, in that they were active, were 
eating and drinking normally, and had normal weight 
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increments during pregnancy. No differences were ob- 
served in behavior of treated and control animals. 
There was some sign of lung infarction in about 50% 
of the animals examined, but there was no evidence 


that this was related to treatment or affected the preg- 


nancy results. 

Fifty-five rats were initially allocated to groups and 
fitted with pumps,. but two treated and three control 
rats were found not to be pregnant on day 22 and two ` 
treated and two control rats were excluded because they 
had a litter of fewer than four. This litter size 1s asso- 
ciated with decreased fetal and ‘increased placental 
weights. There was thus no indication that treatment 
affected numbers not pregnant or having small litters. 

There were 17 rats in the control group, of which 
seven, six, and four had been fitted with pumps con- 
taining the carrier solution only during days 1 to 8, 8 
to 15, and 15 to 22, respectively. One-way analysis of 
variance revealed no significant differences between 
the three subgroups, and so their results were pooled 
to provide mean values for the control group, which 
were used in subsequent comparisons of treated and 
control groups. 

The effects of epinephrine infusion on pregnant rats 
are summarized in Table I. There was no evidence that 
epinephrine, administered over the ‘three periods of 
gestation, had any effect on general fertility levels, in- 
cluding pregnancy rates (percent of rats remaining 
pregnant to term), implantation rates (number of im- 
plantations relative to number of ovulations, indexed 
by number of corpora lutea), embryonic and fetal sur- 
vival (number of live fetuses relative to number of im- 
plantations), or incidence of malformations (there were 
only two malformed fetuses, one from the control 
group and one from the group treated during days 1 
to 8). Furthermore, there was no evidence that epi- 
nephrine affected mean fetal or placental weights as 
determined by comparison of group mean values. On 
closer examination, however, there was some indication 
that epinephrine infusion during days 15 to 22 re- 
tarded weights in large litters. This tendency, too slight 
to identify from mean values alone, was examined by 


analysis of covariance. The appropriate linear re- 


gression equations were: fetal weight (milligrams) = 
6189 — 80 (litter size) for treated rats (r = — 0.88, 
p< 0.01) and fetal weight = 5226 — 12 (litter size) 
for controls (r = —0.11, NS). The difference be- 
tween regression coefficients was significant (p <0.05, 
analysis of covariance). 


Comment 


The general approach used here and by a number 
of workers, of selectively examining the effects of a 
particular stress hormone on pregnancy, should offer 
greater repeatability of results and precision in iden- 
tifying the underlying biologic processes involved. The 
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problems of defining and monitoring stress and the 
individual variability in humoral response to stress are 
eliminated. However, it is important to be able to relate 
the actual levels of stress hormones elicited by the ad- 
ministration of the hormone to levels likely to be 
reached under stressed conditions. This is particularly 
important in this work given the unexpected result that 
epinephrine had little or no effect on pregnancy. 

The validation work carried out here confirmed that 
epinephrine levels in our control rats were similar to 
those reported elsewhere” and that those in treated 
rats reached levels comparable with those seen in mod- 
erate to severely stressed rats.'* Thus we can be con- 
fident that the infusion system was satisfactory and in- 
fusion rates were appropriate. 

So how does one interpret the present finding that 
the pregnant rat can tolerate a sustained rise in epl- 
nephrine levels together with reports that epinephrine 
levels are elevated in stress'® "° and that stress disturbs 
pregnancy in rats‘? 

The simplest explanation is that any stress-induced 
interruption of pregnancy is due to some other hor- 
mone or effect and elevated corticosteroid levels would 
be a likely candidate. In retrospect, there have been 
few studies where epinephrine has been administered 
directly to pregnant animals" ® ° and their pregnancies 
followed up to term. Furthermore, to our knowledge, 
none of these studies has monitored the actual plasma 
concentrations of epinephrine reached. So the present 
results do not necessarily conflict with previous work. 
Rather, they extend earlier findings by showing that 
epinephrine levels, elevated and maintained within the 
range reached by moderate to severe stress, are not 
deleterious during pregnancy, at least in the rat. This 
finding can be expressed with more detail by saying 
that the rat embryo is highly resistant to elevated ma- 
ternal epinephrine levels even during critical stages of 
preimplantation development, implantation, placen- 
tation, organogenesis, and fetal growth to term. The 
only exception to this statement was the finding that 
epinephrine administered during the last week of preg- 
nancy slightly retards fetal growth in large litters. If 
anything, we had expected a greater retardation of fetal 
weight given reports that similar infusion rates of epi- 
nephrine reduce uterine and maternal placental blood 
flow by more than 30% in the sheep.” è On the other 
hand, a 25% reduction of placental blood flow was re- 
ported to have little effect on fetal growth in hyper- 
tensive rats,’ which may explain the barely discernible 
fetal growth retardation evidenced in the present work. 

In conclusion, the present work has revealed the 
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somewhat unexpected finding that a substantial and 
sustained elevation of maternal epinephrine levels is 
well tolerated by the rat embryo. Given the overall im- 
portance of establishing not only the significance of 
generalized stress on pregnancy in women but the un- 
derlying biology of any such relationship, further work 
perhaps is warranted with other infusion rates and an- 
imal models to test the generality of the present 
findings. 


We thank Ms. J. R. Wellstead for expert technical 
assistance. 
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Fetoplacental vascular responses to prostacyclin after 


thromboxane-induced vasoconstriction 


Valerie M. Parisi, MD, MPH, and Scott W. Walsh, PhD 


Houston, Texas 


The vasodilator prostacyclin is produced by fetal tissues and may serve to protect umbilical blood flow. We 
hypothesized that prostacyclin could reverse fetoplacental vasoconstriction produced by a thromboxane 
mimic (U-46619). Fetal regional blood flow was measured by the radioactive microsphere technique in six 


unanesthetized, near-term ovine fetuses. Measurements were ma 


de in the control period, again 20 


minutes after a fetal infusion of U-46619 was begun, and finally 20 minutes after prostacyclin was added 
to the U-46619 infusion. Mean arterial pressure rose significantly in response to U-46619 (38 + 1 to 

51 + 2 mm Hg, p < 0.01) and returned to baseline after prostacyclin (42 + 2 mm Hg). Renal resistance 
was increased from 0.16 + 0.01 to 0.22 + 0.01 mm Hg - ml-'- min - 100 gm-' (p < 0.05) by U-46619 
and decreased significantly (p < 0.05) below baseline by addition of prostacyclin (0.10 + 0.02 

mm Hg. ml-'- min. 100 gm~’). Placental resistance also increased significantly (p < 0.03) ir response to 


U-46619 (from 0.15 + 0.01 to 0.21 + 0.01 mm Hg- ml-'- min. kg 


-1 fetal weight) but was further 


increased to 0.29 + 0.03 mm Hg - ml-'- min. kg™' fetal weight by the addition of prostacyclin. Umbilical 
placental blood flow decreased significantly (jp < 0.03) when prostacyclin was added to U-46519 

(315 + 40 to 195 + 30 ml- min-'.kg~! fetal weight). Whereas U-46619 had no effect on fetal arterial 
blood gases, the addition of prostacyclin resulted in significant fetal acidosis (p < 0.03). We conclude that 
thromboxane mimic causes fetal hypertension and renal and placental vasoconstriction. Prostacyclin 
reverses hypertension and renal vasoconstriction but, unexpectedly, worsens fetal placental 
vasoconstriction produced by thromboxane. It is likely that the observed fetal acidosis is a result of 
compromised placental function. (AM J OpsteT GYNECOL 1989;160:502-7.) 


Key words: Thromboxane, prostacyclin, placental blood flow 


Normal pregnancy is characterized by increased 
prostacyclin production by vascular endothelium in 
both mother and fetus.*? This cyclooxygenase metab- 
olite of arachidonic acid is a potent vasodilator and an 
inhibitor of platelet aggregation and is thought to play 
a major role in the development and maintenance of 
the low-resistance placental circulation.* Thrombox- 
ane, another cyclooxygenase metabolite of arachidonic 
acid, opposes the actions of prostacyclin. It causes va- 
soconstriction, stimulates platelet aggregation, and 
could presumably lead to a decrease in placental blood 
flow. The normal term human placenta produces ap- 
proximately equal amounts of both prostacyclin and 
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thromboxane,’ so that, assuming equipotency, their 
opposing biologic actions on the: local fetoplacental 
circulation should be balanced. Our laboratory has 
previously shown that placentas from preeclamptic 
women produce three times as much thromboxane and 
less than half as much prostacyclin as the normal pla- 
centa.** Considering their known biologic actions, the 
imbalance in placental thromboxane/ prostacyclin pro- 
duction characteristically seen in preeclampsia could 
well account for the major clinical vasoconstrictive man- 
ifestations of this disease, particularly the reduction in 
placental perfusion. Evidence to support this hypoth- 
esis exists in that a thromboxane mimic vasoconstricts 
the isolated perfused human fetal placental cotyledon, 
whereas prostacyclin reverses angiotensin II-induced 
vasoconstriction in this model.’ 

Currently available information indicates that the el- 
cosanoids do not readily cross the primate placenta.° 
Infusion of thromboxane analog U-46619 and pros- 
tacyclin into the fetal side of the perfused human pla- 
centa produces the expected vasoactive effects on the 
fetoplacental vasculature. However, when these com- 
pounds are infused into the maternal side of the pla- 
centa, no fetoplacental vascular effects are observed. 
The lack of transplacental passage of thromboxane and 
prostacyclin from mother to fetus implies that the study 
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Fig. 1. Fetal heart rate (HR) and mean arterial pressure (MAP) responses to infusion of thromboxane 
mimic U-46619 (TX) and combination of U-46619 plus prostacyclin (TX + PGI). C, Control period. 
Data represent mean + SE (n = 6). Asterisk, p < 0.05 from C. 


of the vasoactive effects of these eicosanoids in the fetus 
should be done by direct fetal intravascular adminis- 
tration. 

Little information, however, is currently available to 
confirm the in vitro observations in either the human 
fetus or the experimental animal fetus in vivo. Our 
study was designed to test the hypothesis that throm- 
boxane causes vasoconstriction in the intact ovine fetus 
that can be reversed by administration of exogenous 
prostacyclin. 


Material and methods 


Six pregnant ewes ranging from 123 to 130 days of 
gestation were used. Animals were given ketamine 10 
mg/kg and atropine 0.6 mg intramuscularly before op- 
eration. These doses were supplemented by intrave- 
nous infusion of ketamine 10 mg/min during the sur- 
gical procedure. An incision was made on the inner 
aspect of the maternal thigh, and polyvinyl catheters 
were placed into a branch of the maternal femoral ar- 
tery and advanced 20 cm to lie in the distal abdominal 
aorta. A branch of one of the maternal femoral veins 
was similarly catheterized. The maternal abdomen was 
then opened through a midline incision and both fetal 
hind limbs were exteriorized through an incision in the 


uterine wall. The ventral surface of each hind limb was l 


anesthetized with 1% Xylocaine, and incisions made in 
the thigh to expose the tibial artery and vein. Polyvinyl 
catheters were inserted into one fetal artery and vein 
in each hind limb and advanced to lie in the distal fetal 
aorta and vena cava respectively. An amniotic fluid 
catheter was anchored to the interior aspect of the uter- 
ine wall. All catheters were filled with heparin 100 
U/ml; chloramphenicol 250 mg was given via the fetal 


Table I. Fetal arterial blood gas values l 
TX + PGI 


pH 7.35 + 0.02 7.35 = 0.01 7.27 + 0.02* 

PCO, (torr) 47 + 2 44 + 2 50+ 4 

PO, (torr) 21-2 2 ee a | 21%] 

Bicarbonate 26°21 24 + ] 23 + ]* 
(mEq/L) 

Base excess 1.25 + 0.5 0.4 + 0.2 — 3.25 + 0.4% 





C, Control; TX, thromboxane mimic U-46619; TX + PGI, 
combination of U-46519 plus prostacyclin. 


*h < 0.05. 


vein, and aqueous penicillin G 600,000 U was injected 
into the amniotic cavity. Fetal hind limb and uterine 
incisions were closed with 3-0 silk suture, and the ab- 
dominal incision was closed with 0 Dexon. The fetal 
and maternal catheters were tunneled subcutaneously 
and secured in a pouch on the maternal flank. All skin 
incisions were closed with surgical staples. 

The animals were allowed to recover for 5 to 7 days 
after operation, at which time maternal and fetal ar- 
terial blood gas values were normal. Studies were con- 
ducted with ewes standing quietly in metabolic cages 
and having unlimited access to food and water. Mater- 
nal and fetal mean arterial pressures, fetal venous pres- 
sure, and amniotic cavity pressure were recorded con- 
tinuously with a R611 Beckman physiologic recorder 
(Sensor Medics, Anaheim, Calif.) via Statham P23Db 
transducers (Oxnard, Calif.) attached to the femoral 
artery catheters. Amniotic cavity pressure was not sub- 
tracted from fetal mean arterial pressure because it was 
consistently negligible and did not vary significantly 
during any of the study periods. Maternal and fetal 


504 Parisi and Walsh 


500 x 
= om 
© 400 
ica 
eE 
© S 
m= © 300 
Dye 
ef l 200 
ge 
——— 
100 
E 
0 
aZ 0-300 
Q | 
o E 
oe * 
BO 
~~ 0.200 
og 
2 E 
9 = x% 
i 
5 z 0.100 
2E 
oO . 
rn 
= E 
2E 
l E 0.000 


TAFPGI 


Fig. 2. Fetal renal vascular responses to infusion of throm- 


boxane mimic U-46619 (TX) and combination of U-46619 plus 
prostacyclin (TX + PGI). C, Control period. Upper panel de- 
picts blood flow, and lower panel depicts vascular resistance. 
Data are expressed as mean + SE (n = 6). Asterisk, p < 0.05 
from C. Double asterisk, p < 0.05 from both C and TX. 


arterial pH, POs, PCOs, bicarbonate, and base excess 
were measured with a Corning 158 blood gas analyzer 
(Medfield, Mass.). Fetal regional blood flow was mea- 
sured by the radioactive microsphere technique.’ Ap- 
proximately one million microspheres, 15 pm in di- 
ameter, labeled with strontium 85, scandium 46, Tin 
113, or cobalt 57 (3M, St. Paul, Minn., and New 
‘England Nuclear, Wilmington, Del.), were injected into 
the fetal vena cava over 15 to 30 seconds. Simulta- 
neously, an integrated arterial reference sample was 
withdrawn from the fetal aorta at 2.06 ml/min for 2 
minutes beginning coincident with the microsphere in- 
jection. The order of isotope administration was altered 
with each experiment to avoid sequencing. 
Experimental design. Maternal and fetal mean ar- 
terial pressure, heart rate, arterial blood gases, and fetal 
blood flow were measured in the control period. 
Thromboxane mimic U-46619 (Upjohn, Kalamazoo, 
Mich.) was then infused into the fetal vena cava at a 
dose of 2.5 g/min. The concentration of the solution 
was 5 pg/ml. Measurements were repeated 20 minutes 
after the start of the thromboxane mimic. A prosta- 
cyclin infusion was then begun at 5 pg/ min while the 
thromboxane mimic infusion was maintained at 2.5 
g/min. Measurements were repeated 20 minutes after 
prostacyclin was added to the thromboxane mimic in- 
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fusion. The total volume infused into the fetus over 
the course of the study was 30 ml. Prostacyclin (Upjohn) 
was mixed fresh each morning in Tris buffer at pH 
9.37 and was infused in a concentration of 10 pg/ml 
at 0.5 ml/min. Previous experience in our laboratory 
involving fetal venous infusions of the Tris buffer alone 
produced no detectable alterations in fetal mean ar- 
terial pressure, heart rate, or arterial blood gas values. 
The doses of thromboxane mimic and prostacyclin 
were used based on data from preliminary dose- 
response curves ranging from 1.25 to 10 we/min for 
thromboxane and 2.5 to 10 g/min for prostacyclin. 
These data indicated that 2.5 g/min of U-46619 pro- 
duced fetal hypertension and bradycardia but no 
change in fetal acid-base balance (unpublished data). 
Similarly, 5 g/min of prostacyclin, when administered 
alone, produced mild hypotension and tachycardia but 
no evidence of fetal acid-base alteration (unpublished 


data). 


After the last blood flow measurements were made, 
the infusions of both thromboxane mimic and pros- 
tacyclin were discontinued, and the fetuses were al- 
lowed to recover. Fetal heart rate and mean arterial 
pressure uniformly returned to normal within 15 
to 30 minutes of the time that the infusions were 
stopped. Fetal arterial blood gas determinations were 
repeated in two fetuses at 30 minutes and found to be 
normal. 

Radioactive microsphere analysis. After each study 
was completed, the animals were put to death with an 
intravenous injection of T-61 euthanasia solution, and 
the fetal kidneys and cotyledons were dissected from 
other fetal tissues. All tissues were ashed and radio- 
activity was assayed with a convertible multichannel 
analyzer (Nuclear Data, Chicago) connected to a so- 
dium iodide crystal detector and sample changer (Tra- 
cor, Chicago). Known standards of each isotope were 
run simultaneously. The number of microspheres in 
each organ and the blood flow to each organ were cal- 
culated by a modification of a peak search program 
developed by Nuclear Data for our laboratory. Vascular 
resistance is defined as mean arterial pressure minus 
venous pressure and divided by blood flow to an organ 
and expressed as mm Hg-ml~’- min. Umbilical pla- 
cental vascular resistance was expressed per kilogram 
of fetal weight, and renal vascular resistance per 100 
gm of tissue. Umbilical placental blood flow was ex- 
pressed as ml-min~'-kg~' fetal weight, and renal 
blood flow as ml - min~!- 100 gm7' of tissue. All organs 
studied and all arterial reference samples contained 
more than 400 microspheres, thereby satisfying criteria 
for accuracy of blood flow measurements by this 
technique." 

Statistical analysis. Statistical analysis was done by 
paired é test, Wilcoxon signed rank test, and analysis of 
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variance random block test where appropriate. Loga- 
rithmic transformation was used when variances were 
not equal. A probability of p < 0.05 was chosen to rep- 
resent statistical significance. All data are expressed as 
mean + SE. 


Results 


Changes in fetal heart rate and mean arterial pres- 
sure in response to intravenous U-46619 infusion at 
2.5 g/min are summarized in Fig. 1. Mean arterial 
pressure rose from 38 + 1 to 51 +2 mm Hg (p< 
0.05), and heart rate fell from 168 + 4 to 150 + 4 
beats/min (p < 0.05). There was no effect (p > 0.10) 
of U-46619 administration at this dose on fetal acid- 
base balance as evidenced by unchanged arterial 
blood gas values (Table I). Addition of prostacyclin at 
5 g/min to the U-46619 infusion resulted in a return 
to normal of both fetal mean arterial pressure (42 + 2 
mm Hg) and heart rate (162 + 5 beats/min), as de- 
picted in Fig. 1. No statistically significant change 
($ > 0.10) in maternal cardiorespiratory parameters 
(heart rate, mean arterial pressure, arterial blood gas 
values) was observed at any time during experimen- 
tation. Similarly, no significant change in amniotic cav- 
ity pressure or fetal venous pressure was observed dur- 
ing any study period. 

The thromboxane mimic U-46619 significantly in- 
creased vascular resistance in the fetal kidneys from 
0.16 + 0.01 in the control state to 0.22 + 0.02mm Hg. 
ml~'- min. 100 gm~! during thromboxane mimic in- 
fusion (p < 0.05). Fetal renal blood flow, however, was 
not significantly (p > 0.10) altered (230 + 20 to 300 + 
50 ml-min~'. 100 gm). The addition of prostacyclin 
to the U-46619 infusion produced vasodilation in the 
fetal kidney. Renal vascular resistance fell from 0.22 + 
0.02 mm Hg- ml~'- min. 100 gm~! during thrombox- 
ane mimic infusion to 0.10 + 0.01 mm Hg. ml". 
min - 100 gm7! (p < 0.05) 20 minutes after the addition 
of prostacyclin to the infusate. ‘This change was signif- 
icantly different (p < 0.05) from both control and 
thromboxane mimic values. Renal blood flow increased 
from 300 + 50 ml-min~'. 100 gm~! during throm- 
boxane mimic infusion to 430.+ 50 ml-min-'. 100 
gm™' (p< 0.05) 20 minutes after prostacyclin was 
added. Renal blood flow was significantly increased af- 
ter prostacyclin was added to the U-46619 infusion 
(p < 0.05) when compared with renal blood flow in the 
control period. Similarly, renal resistance was signifi- 
cantly lower (p < 0.05) after prostacyclin was added to 
U-46619 than in the control period. These data are 
graphically represented i in Fig. 2. 

The thromboxane mimic produced significant va- 
soconstriction in the umbilical placental circulation. 
Vascular resistance was increased from 0.15 + 0.01 to 
0.21 + 0.01 mm Hg-ml-!-min-kg~' fetal weight 
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Fig. 3. Fetoplacental vascular responses to infusion of throm- 
boxane mimic U-46619 (TX) and combination of U-46619 plus 
prostacyclin (TX + PGI). C, Control period. Upper panel de- 
picts blood flow, and lower panel depicts vascular resistance. 
Data are expressed as mean + SE (n = 6). Asterisk, p < 0.05 
from C. Double asterisk, p < 0.05 from both C and TX. 


(p < 0.05). Placental blood flow was not significantly 
altered (p > 0.10) from the control value of 270 + 
25 ml. min”! -kg~' fetal weight during thromboxane 
mimic infusion. Addition of prostacyclin to the 
U-46619 infusion caused an increase in the calculated 
vasoconstrictive response to thromboxane mimic. Um- 
bilical placental vascular resistance increased from 
0.21 + 0.01 mm Hg:ml-'-min.kg~? fetal weight 
during U- 46619 infusion to 0.29 =+ 0.03 mm 
Hg - ml’. min - kg~' fetal weight (p < 0.03) during in- 
fusion of U-46619 plus prostacyclin. Umbilical placen- 
tal blood flow decreased significantly from 315 + 40 
ml-min~'- kg~' during U-46619 infusion to 195 + 30 
ml.min~'-kg~' fetal weight during U-46619 plus 
prostacyclin. This decrease in blood flow was signifi- 
cantly different from both control (p < 0.05) and 
U-46619 infusion (p < 0.03) values. These observations 
are graphically represented in Fig. 3. 

Whereas no significant alteration in fetal acid-base 
balance was observed after thromboxane mimic infu- 
sion, the addition of prostacyclin resulted in fetal aci- 
dosis manifested by a significant drop in pH from 
7.35 + 0.02 to 7.27 + 0.02 (p < 0.05). Significant de- 
creases were also observed for bicarbonate, from 
26 + 1 to 23 + 1 mEq/L (p <0. 05), and base excess, 
from 1.25 + 0.5 to.—3.25 + 0.4 (p < 0.05). Complete 
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fetal arterial blood gas values are numerically repre- 
sented in Table I. 


Comment 


The production of thromboxane is increased during 
normal prégnancy as evidenced by increased maternal 
plasma concentrations of its stable metabolite throm- 
boxane B, over those found in either midpregnancy or 
the nonpregnant state.® ° Fitzgerald et al.'' reported a 
significant elevation in the urinary enzymatic metabo- 
lites of thromboxane A, (2,3-dinorthromboxane B; and 
11-dehydrothromboxane B») from early gestation that 
was maintained throughout pregnancy. Platelets, as 
well as the placenta, are sources of significant throm- 
boxane production in human pregnancy." ** 

In vitro studies using the perfused human placental 
cotyledon indicate that thromboxane is the most po- 
tent vasoconstrictor of the human -placental vascula- 
ture. 12" These studies demonstrate that thrombox- 
ane is two or three orders of magnitude more potent 
as a vasoconstrictor than prostaglandin E,, prostaglan- 
din Fan angiotensin TI, 5-hydoxytryptamine, norepi- 
nephrine, and bradykinin. If unopposed by a vasodi- 
lator of equal potency, the biologic actions of throm- 
boxane (vasoconstriction, platelet aggregation, and 
stimulation of uterine activity) should result in de- 
creased placental perfusion. Additionally, if the pla- 
cental production of thromboxane is high enough, it is 
possible that significant quantities of thromboxane 
could enter the fetal circulation and produce vasocon- 
striction. The data presented here support this hy- 
pothesis. To our knowledge, this is the first report of 
exogenous administration of a thromboxane analogue 
to the fetus in utero. We have demonstrated that throm- 
boxane mimic U-46619 causes fetal vasoconstriction ev- 
idenced by hypertension, bradycardia, and increased 
vascular resistance in both the renal and umbilical- 
placental vascular beds. | | 

The addition of the vasodilator prostacyclin to the 
fetus with thromboxane mimic—induced vasoconstric- 
tion not only fails to restore placental perfusion to nor- 
mal but further impairs placental function, resulting in 
significant fetal acidosis. In light of much published 
data on the vasodilating effects of prostacyclin, our ob- 
servations are quite unexpected. However, similar pla- 
cental vasoconstrictive responses have been observed 
after maternal infusion of prostacyclin in the near-term 
pregnant ewe.” Additionally, maternal systemic infu- 
sion of angiotensin II or norepinephrine into pregnant 
ewes results in increased maternal systemic arterial 
pressure and in increased vascular resistance in the 
kidneys, endomyometrium, and maternal vascular 
component of the placenta.'* 7 However, when pros- 
tacyclin is added to the infusion of these vasoconstric- 
tors, maternal systemic arterial blood pressure and re- 
nal and endomyometrial vascular resistance return to 
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normal, but resistance in the maternal vascular com- 
ponent of the placenta increases. This response is ac- 
companied by a significant fall in placental blood flow. 
These unexpected vascular responses to prostacyclin 
on the maternal side of the placenta are similar to our 
observations in the fetoplacental circulation. ` 

In response to the criticism that systemic infusion of 
prostacyclin may result in secretion of endogenous va- 
soconstrictors, thereby masking the vasodilatory effects 
of prostacyclin in the maternal side of the placenta, 
Landauer et al.'® infused prostacyclin directly into the 
uterine placental circulation through a retrograde uter- 
ine arterial catheter. This technique avoided the ma- 
ternal systemic effect of hypotension and showed a sig- 
nificant decrease in myometrial vascular resistance, yet 
failed to show a dilatory response to prostacyclin in the 
maternal vascular component of the: placenta. 

Taken together with our current observations on the 
umbilical placental circulation, these data contradict the 
reported consistently potent vasodilatory effect of 
prostacyclin observed in human in vitro placental stud- 
ies.>'3'4 Ts it possible that prostacyclin can be such a 
potent vasodilator in all other vascular beds but act as 
a vasoconstrictor in the placenta, an organ whose nor- 
mally low-resistance circulation is critical for fetal 
growth and survival? We postulate an alternate expla- 
nation of our results. Prostacyclin is not the only va- 
sodilator that produces unexpected vasoconstriction or 
fails to vasodilate the maternal and fetal sides of the 
placental circulation. Previous work in our laboratory 
with the calcium channel blocker nicardipine (unpub- 
lished data) and work by others with adenosine,” 
6-keto prostaglandin E, and hydralazine*’ all have 
revealed placental vascular responses similar to those 
caused by prostacyclin. That is, these compounds either 
increase or cause no change in vascular resistance in 
the placenta, and they decrease or cause no change in 
placental blood flow. We propose that these observa- 
tions are the result of passive changes caused by shunt- 
ing of blood away from the placenta to other vasodi- 
lated vascular beds more proximal to the heart.° 

' According to Poiseuille’s law, vascular resistance (R) 
is calculated as the pressure drop across a vascular bed 
(AP) divided by blood flow to that organ (Q). Under 
most experimental circumstances, mean arterial blood 
pressure measured in the aorta approximates AP for an 
organ. However, because the placenta is located at the 
end of the relatively long umbilical vessels, blood flow 
to the placenta must overcome the increase in resistance 
created by this increased distance from the fetal heart. 
When generalized vasodilation occurs, the pressure in 
the umbilical arteries may be considerably less than the 
mean arterial blood pressure in the aorta, because, ac- 
cording to Poiseuille’s law, pressure decreases as the 
length of the tube increases. Under these circum- 
erences: AP for the placenta may be very different from 
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the mean arterial blood pressure. Also according to 
Poiseuille’s law, flow decreases and resistance increases 
as the length of the tube increases. This implies that 
systemic vasodilation would result in blood flow being 
shunted away from those organs most distal to the heart 
(e.g., placenta), and increased to those organs more 
proximal to the heart (e.g., kidneys). We observed this 
phenomenon in our experiment. During prostacyclin 
and thromboxane mimic infusion, renal blood flow in- 
creased significantly (p < 0.05) when compared with 
the control state, and renal vascular resistance de- 
creased significantly (p < 0.05) when compared with 
the control value. Prostacyclin did not simply return 
renal vascular function to normal after thromboxane 
vasoconstriction but rather produced a significant renal 
vasodilation (p < 0.05) when compared with control 
values. It is logical then that the observed decrease in 
placental blood flow may have been a result of shunting 
of blood to other vasodilated organs (e.g., the kidney). 

One cannot be sure that the calculated change in 
vascular resistance is an active change caused by the 
compound tested if both AP and Q change in the same 
direction. This is the case in the studies reporting pla- 
cental vasoconstriction with prostacyclin, nicardipine 
(unpublished data), hydralazine, and 6-keto prosta- 
glandin E,.'**°*! In each case both placental perfusion 
pressure (mean arterial blood pressure) and placental 
blood flow (Q) decreased. One cannot be sure whether 
the observed increase in placental resistance is an active 
one caused by the effects of the test compound or a 
passive one caused by decreased perfusion pressure or 
decreased placental blood flow resulting from shunting 
of blood to vasodilated organs more proximal to the 
fetal heart.® . 

Despite the cause of decreased placental perfusion 
after prostacyclin, the fact remains that placental blood 
flow did decrease, and this was accompanied by a sig- 
nificant deterioration in the condition of the fetus as 
evidenced by acidosis. Irrespective of the physiologic 
mechanisms responsible, these observations have led us 
to the following conclusions: (1) Thromboxane mimic 
U-46619 causes systemic, renal, and placental vasocon- 
striction in the intact ovine fetus; (2) prostacyclin at- 
tenuates the thromboxane mimic—induced fetal hy- 
pertension and renal vasoconstriction but worsens pla- 
cental function and is accompanied by significant fetal 
acidosis..- . 

The clinical relevance of these data lies.in the Spec- 
ulation that vasoconstrictive disorders of pregnancy as- 
sociated with an imbalance of placental eicosanoid pro- 
duction favoring thromboxane may result in chronic 
fetal and placental vasoconstriction and acidosis. Ex- 


 ogenous fetal replacement of prostacyclin would not 


reverse fetoplacental vasoconstriction and may further 
impair placental function, leading to acidosis and fetal 
compromise. Our data suggest that therapy for vaso- 
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constrictive disorders of pregnancy, such as preeclamp- 
sia, should focus on selective inhibition of thromboxane 
production to protect the fetoplacental vasculature. 
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The effect of pretreatment with magnesium sulfate on the 


initiation of seizure foci in anesthetized cats 


William L. Koontz, MD, and Kenneth H. Reid, PhD 
Louisville, Kentucky 


The therapeutic effect of magnesium sulfate remains unknown. Its role as an anticonvulsant is 
controversial. The effect of pretreatment with parenteral magnesium sulfate on the ability to initiate 
penicillin-induced seizure foci in anesthetized cats was studied. All animals in the experimental group 
achieved serum magnesium levels of >10 mg/dl. No significant difference in epileptic spike frequency 
between the experimental and control groups was demonstrated. (Am J OssteT GYNECOL 1989;160:508-9.) 


Key words: Magnesium, eclampsia, preeclampsia 


Although magnesium sulfate remains the drug of 
choice in this country for the treatment of preeclampsia 
and eclampsia,'? its mechanism of action is unknown. 
Possible anticonvulsant effects are widely disputed.” * 

Previous studies in our laboratory’? have demon- 
strated that “therapeutic” levels of magnesium have no 
significant effect on well-developed, penicillin-induced 
seizure foci in anesthetized cats. Magnesium sulfate 1s 
most commonly used in humans for prophylaxis of 
seizures. Therefore we elected to extend our earlier 
studies by determining the effect of pretreatment with 
magnesium sulfate on our ability to initiate seizure foci 
in this model. . 


Material and methods Ho 2 


Cats were anesthetized with intravenous pentobar- 
bital sodium until adequate effect was noted (25 to 35 
mg/kg). Arterial and venous catheters were placed for 
blood sampling and magnesium infusion. The anes- 
thetized animals were then placed in a Kopf stereotaxic 
apparatus, and bilateral craniectomies were performed. 
The dura was removed, and pairs of 1 mm ball-tipped 
silver electrodes were placed on the cerebral cortex 
bilaterally. Ke | 

During the surgical procedure, study animals were 
infused intravenously with 50% magnesium sulfate 
heptahydrate at 12 mEq/hr (3 ml/hr). Control animals 
were infused with an equal volume of normal saline 
solution. After 30 minutes, the infusions were stopped. 
A 2 x 2 mm pledget of Gelfoam soaked in aqueous 
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penicillin G (50,000 U/ml) was placed on the cortex 
between each pair of electrodes. Electroencephalogram 
records were taken with a Grass model III electroen- 
cephalograph. | 

Arterial blood samples were taken when the infusions 
were started and every 15 minutes thereafter until the 
end of the study. Plasma magnesium levels were de- 
termined by atomic absorption spectroscopy. 


Results | 
.. Fig. 1 compares the mean spiking rate, in spikes per 
5 minutes, of the control group (N = 4) with that of 
the magnesium-treated group (N = 4). There was no 
obvious difference between the two groups. A two-way 
analysis of variance (repeated measures) comparing the 
two groups over time confirmed this impression (Table 
I); there was no difference between the groups, al- 
though there was a clear difference over time 
(F = 7.63, df = 11, 0.01 <p < 0.05). The total spike 
(sum over 60 minutes) also was not significantly dif- 
ferent between the groups (¢ = 0.036, df = 6). 

To evaluate differences between animals, cumulative 
spike distributions for each animal were compared with 
a Kolmogorov-Smirnov test for differences in distri- 
bution shape. Because of the large number of spikes 
in each distribution, significant differences between an- 
imals were found. However, there was no evidence for 
any consistent difference between the two groups. 

Plasma magnesium levels were unchanged (1 to 3 
mg/dl) in the control group and elevated in the study 
group. No animal in the study group had a plasma 
magnesium level of <10 mg/dl at the time the penicillin 
was applied. 


Comment 

If magnesium does indeed possess anticonvulsant 
properties, its mechanism of action is unknown. Early 
investigators thought that it reduced cerebral edema 
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Fig. 1. Epileptic spike frequency per 5-minute interval over time after penicillin application. 


Table I. Two-way analysis of variance table, repeated measures 


; 


Variation 
Between rows I 14235.00 
Between columns 11 971683.00 
Interaction 1] 70853.00 
Error ll 833762.00 
Total 95 1890530.00 


14235.00 [23 NS 
88334.80 7.63 0.01 < p < 0.05 

6441.18 0.56 NS 
11580.00 





via osmotic effects.’ Critics often state that any ap- 
parent effect is due to peripheral paralysis," although 
this view has been effectively refuted." 

Direct cerebral depression in unlikely for several rea- 
sons. Brain tissue magnesium levels are tightly regu- 
lated, even when plasma levels are high.’ No effects on 
baseline electroencephalogram have been demon- 
strated on either animals or humans.'*'? Our earlier 
studies in anesthetized cats demonstrate no decrease in 
penicillin-induced seizure activity, even with very high 
plasma levels.° 

The present study demonstrates no effect on pre- 
loading with magnesium sulfate on the ability to initiate 
penicillin-induced seizure foci in the anesthetized cat. 


Stark et al. have discussed in detail the limitations of . 


the acute anesthetized cat model for studying the ef- 
fects of various anticonvulsants. They also stressed the 
importance of adequate controls, because of the natural 
changes in epileptic activity over time. It is possible that 
magnesium exerts anticonvulsive effects only in the 
special circumstances of preeclampsia-eclampsia, that 
good results associated with its use in this process are 
due to some effect not directly related to anticonvulsant 
properties, or that limitations of this experimental 
model precludes demonstration of magnesium’s anti- 
convulsant properties. 
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Intravenous administration of d-tubocurarine and pancuronium 


in fetal lambs 


David H. Chestnut, MD, Carl P. Weiner, MD, Christine S. Thompson, and 


' Geri L. McLaughlin 


Iowa City, Iowa 


The purpose of this study was to assess the effects of intravenous administration of d-tubocurarine and 
pancuronium in fetal lambs. Eighteen experiments were performed in seven chronically instrumented 
pregnant ewes between 0.8 and 0.9 of timed gestation. Each fetus received 6 ml of study drug 
intravenously at 1.2 ml/min over 5 minutes (d-tubocurarine 3.0 mg/kg, pancuronium 0.5 mg/kg, or saline 
solution control). Pancuronium (n = 7) significantly increased both fetal heart rate and mean arterial 
pressure. d-Tubocurarine (n = 5) significantly decreased both fetal heart rate and mean arterial pressure. 
Saline solution control (n = 6) did not significantly alter fetal heart rate or mean arterial pressure. The 
present study suggests that pancuronium is preferable to d-tubocurarine for those intrauterine procedures 
when an increase in fetal heart rate is desired. (Am J OpsTeT GYNECOL 1989;160:510-3.) 


Key words: Fetal therapy; muscle relaxant, d-tubocurarine; muscle relaxant, pancuronium; 


pregnancy 


Improvements in ultrasound technology have al- 
lowed obstetricians to cannulate the umbilical cord ves- 
sels for diagnostic and therapeutic purposes (e.g., per- 
cutaneous umbilical cord blood sampling for deter- 
mination of fetal karyotype and direct intravenous 
transfusion of red blood cells to the Rh-sensitized fe- 
tus). These and other intrauterine procedures are fa- 
cilitated by an immobile fetus. Maternal sedation does 
not reliably eliminate fetal activity and may result in a 
nearly anesthetized mother with an unprotected airway. 
De Crespigny et al.' first described fetal intramuscular 
administration of d-tubocurarine 3 mg/kg to immobi- 
lize the fetus. Subsequently Seeds et al.? reported fetal 
intramuscular administration of pancuronium, ap- 
proximately 0.5 mg/kg. To our knowledge there are 
no published data regarding the fetal hemodynamic 
response to fetal administration of either agent. The 
purpose of the present study was to assess the effects 
of slow intravenous administration of d-tubocurarine 
and pancuronium in fetal lambs. 


Methods 


The protocol was approved by the University of lowa 
Animal Care Committee. Mixed breed ewes were ob- 
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tained at 118 days of timed gestation (term = 145 
days). Each animal fasted for 36 hours before opera- 
tion. At 120 days’ gestation each animal was given gen- 
eral orotracheal anesthesia (thiopental sodium 600 to 


‘750 mg, halothane 1%, nitrous oxide 50%, oxygen 


50%). With a sterile technique, laparotomy and hys- 
terotomy were performed, and catheters (PE-90) were 
placed in the fetal descending aorta and inferior 
vena cava, via each femoral artery and vein, and in the 
amniotic cavity. Catheters (PE-240) were then placed 
in the maternal descending aorta and inferior vena cava 
via the left femoral artery and vein, respectively. All 
catheters were tunneled subcutaneously and brought 
out through a small incision in the left flank. 

After operation each animal was kept in an approved 
cage in a restricted area, fed a balanced diet, and al- 
lowed a recovery period of at least 72 hours before 
experimentation. Procaine penicillin G 500,000 U 
and dihydrostreptomycin 625 mg (Combiotic, Pfizer, 
New York) were given to the mother before operation 
and daily for 3 days after operation. Gentamicin 80 mg 
was given to the mother on the day of each experiment, 
and gentamicin 40 mg was given via the amniotic 
catheter during operation and on the day of each ex- 
periment. 

Each experiment was done with the animal standing 
unrestrained within an approved transport cart. One 
hour was allowed for baseline measurements. The fetus 
then received 6 ml of study drug intravenously at 1.2 
ml/min for 5 minutes (d-tubocurarine 3.0 mg/kg, pan- 
curonium 0.5 mg/kg, or saline solution control). Esti- 
mated fetal weight (EFW) was calculated according to 
this formula?: EFW in kg = (0.096 x Gestational age 
in days) — 9.223. 
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Fig. 1. A, Fetal heart rate (HR) responses over time. B, Fetal mean arterial pressure (MAP) responses 
over time. All values are expressed as mean (+SEM) percent of baseline. 


Table I. Baseline maternal and fetal hemodynamic, blood gas, and acid-base measurements 









Pancuronium d-Tubocurarine Saline solution control 











(n = 5) 
Maternal 
Heart rate 104 + 9 103 + 8 110 +9 
Mean arterial pressure (mm Hg) 84 +3 85 +4 85 +4 
Arterial pH 7.45 + 0.01 7.46 + 0.01 7.43 + 0.04 
Arterial Pco, (mm Hg) 36 + 1 S0 i] 34 + 1 
Arterial Po, {mm Hg) 108 + 2 114+? 105 +7 
Fetal 
Heart rate 153 + 6 163 + 3 154 + 4 
Mean arterial pressure* (mm Hg) 45 +2 46+ 1 46 + 2 
Arterial pH* 7.32 + 0.02 7.35 + 0.01 7.34 + 0.01 
Arterial Pco,* (mm Hg) 5] +2 46 + 1 491 
Arterial Pos* (mm Hg) 20 + 1 19+ ] 18 +? 





Maternal and fetal arterial blood samples were obtained from the maternal and fetal descending acrta, respectively. Blood gas 
and acid-base values were corrected for temperature. All values are expressed as mean + SEM. 

*Fetcl arterial pressures were corrected for variations in intrauterine pressure by subtracting the simultaneously measured 
amniotic fluid pressure. 


Maternal and fetal hemodynamic measurements begun. Blood gas and acid-base values were determined 
were continued for 60 minutes after the infusion of with an Instrumentation Laboratory (Leighton, Mass.) | 
study drug was begun. Maternal and fetal arterial blood 1302 blood gas analyzer. All values were corrected for 
gas and acid-base values were determined at baseline temperature. Fetal blood was replaced immediately by 


and at 10, 20, and 30 minutes after the infusion was an equal volume of normal saline solution. 
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Fig. 2. A, Fetal pH responses over time. B, Fetal Pco, responses over time. C, Fetal Po, responses 
over time. All values are expressed as mean (+SEM). | 


There was a minimum interval of 4 hours between 
experiments, which were performed in random order. 
No animal received both d-tubocurarine and pancu- 
ronium on the same day, and no animal underwent the 
same experiment twice. We intended to perform all 
three experiments in each animal. However, preterm 
delivery, fetal death, or catheter occlusion precluded 
the performance of all three experiments in each 
animal. 


Maternal and fetal systemic arterial pressures and 
amniotic fluid pressure were recorded continuously 
with a Beckman (Sensormedics, Anaheim, Calif.) R611 
recorder. All hemodynamic data were interfaced to an 
AST (Irvine, Calif.) 286 premium computer with a cus- 
tomized physiologic data acquisition system. Fetal ar- 
terial. pressures were corrected by subtracting the si- 
multaneous intraamniotic pressure. Maternal and fetal 
mean arterial pressures were calculated arithmetically. 


ry 
1 


cy 
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Maternal and fetal heart rates were calculated from 
maternal and fetal arterial waveforms. Hemodynamic 
measurements over time were compared with baseline 
measurements and are expressed as mean (+ SEM) per- 
cent of baseline. Statistical analysis was by repeated 
measures analysis of variance, followed by ¢ tests for 
individual measurements. p < 0.05 was considered sig- 
nificant. 


Results 


Eighteen experiments were performed in seven 
chronically instrumented animals. The three treatment 
groups were similar with regard to baseline maternal 
and fetal hemodynamic, blood gas, and acid-base mea- 
surements (Table I). 

Pancuronium (n = 7) significantly increased fetal 
heart rate at each measurement between 2 and 60 min- 
utes after the start of the infusion (Fig. 1, A). At 10 
minutes fetal heart rate was 16% + 3% above baseline 
(p = 0.0001). d-Tubocurarine (n = 5) resulted in a 
small decrease in fetal heart rate; the decrease was sta- 
tistically significant only at 20 minutes, when fetal heart 
rate was 8% + 2% below baseline (p = 0.015). Saline 
solution control (n = 6) did not significantly alter fetal 
heart rate. 

Pancuronium significantly increased fetal mean ar- 
terial pressure at each measurement between 4 and 
10 minutes after the start of the infusion (Fig. 1, B). 
d-Tubocurarine significantly decreased fetal mean ar- 
terial pressure at each measurement between 6 and 20 
minutes. Saline solution control did not significantly 
alter fetal mean arterial pressure. 

Neither pancuronium, d-tubocurarine, nor saline so- 
lution control significantly altered maternal heart rate 
or mean arterial pressure. 

Pancuronium increased fetal pH and decreased fetal 
Pco, at 10 minutes (Fig. 2, A and B). Both the increase 
in fetal pH (p = 0.038) and the decrease in fetal Pco, 
(p = 0.035) were of borderline statistical significance. 
Fetal pH and Pco, did not change significantly in either 
the d-tubocurarine or control group. Fetal Po, (Fig. 
2, C) and maternal pH, Pco,, and Po, did not change 
significantly in any group. 


Comment 


We cannot be certain that slow intravenous admin- 
istration of d-tubocurarine or pancuronium is equiva- 
lent to systemic absorption of either drug after fetal 
intramuscular administration. However, we note that 
some practitioners now give the fetus a muscle relaxant 
by direct intravenous injection.** We speculate that slow 
intravenous administration of drug in the present study 
may have underestimated the hemodynamic changes that 
occur after rapid intravenous administration. 


d-Tubocurarine and pancuronium in fetal lambs £13 


In adults, d-tubocurarine decreases arterial pressure . 
as a result of histamine release and sympathetic gan- 
glionic blockade. Hypotension is especially likely after 
rapid intravenous administration. In contrast, pancu- 
ronium increases heart rate, cardiac output, and arte- 
rial pressure by vagolytic and sympathomimetic ac- 
tivity.” 

In the present study, slow intravenous administration 
of pancuronium significantly increased fetal heart rate 
and mean arterial pressure. Further, pancuronium in- 
creased fetal pH and decreased fetal Pco,. We speculate 
that the latter changes resulted from increased fetal 
cardiac output. In contrast, d-tubocurarine decreased 
fetal heart rate and mean arterial pressure. Fetal car- 
diac output is predominantly heart rate—dependent. 
In most cases it seems desirable at least to maintain the 
fetal heart rate during an intrauterine procedure. Fur- 
ther, a modest increase in fetal heart rate might facil- 
itate fetal adaptation to the sudden increase in intra- 
vascular volume that occurs during intravascular trans- 
fusion of an anemic fetus. However, clinicians may 


‘choose to avoid pancuronium in tachycardiac fetuses, 


lest a further increase in heart rate precipitate or 
worsen congestive heart failure. In such cases it may 
be preferable to give vecuronium, a new, short-acting 
muscle relaxant with negligible cardiovascular effects 
in adult patients.® ° 
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| Ontogeny of CA 125 antigen in pregnancy: 


Immunoradiometric determination in amniotic fuid and 


immunohistochemical localization in fetal membranes 


A. Barbati,.PhD, M. M. Anceschi, MD, PhD, P. Alberti, PhD, G. Pomili, MD, 


G. C. Di Renzo, MD, and E. V. Cosmi, MD 
Perugia, Italy 


CA 125 antigen was measured in amniotic fluid, maternal blood, cord blood, and fetal urine by a 
commercially available immunoradiometric assay kit. The amniotic fluid was obtained from 99 normal 
pregnancies at various gestational ages. The mean antigen levels were 29,676, 3350, and 1680 U/ml in 
amniotic fluid of the first, second, and third trimesters, respectively. In maternal blood, 12.5% of pregnant 
women in the first trimester of pregnancy showed elevated levels of CA 125 (65 to 100 U/ml). Late in 
gestation, CA 125 levels in cord blood and fetal urine were always <65 U/ml. Immunohistochemical study 
of CA 125 in fetal membranes, placenta, and decidua showed the presence of antigen only in the amnion. 
These results suggest that CA 125 is shed into amniotic fluid directly from the amniotic membrane. (Am J 


OBsTET GYNECOL 1989;160:514-7.) 


Key words: CA 125, human amniotic fluid, fetal membranes, maternal blood 


CA 125 is an antigenic determinant defined by a 
monoclonal antibody (OC 125) obtained by somatic.hy- 
bridization of spleen cells from mice immunized with 
an epithelial cell line (OVCA 433) derived from an ovar- 
ian cystoadenocarcinoma.' 

By use of OC 125 with naaede tech- 
niques, CA 125 has been detected in a majority of ep- 
ithelial ovarian carcinomas, in fetal müllerian duct de- 
rivatives, and in fetal serosal surface épithelia.’ In adult 
tissues traces-of CA 125 have been detected in the ep- 
ithelium of the Fallopian tube, endometrium, and en- 
docervix and in the peritoneum, pleura, and pericar- 
dium.’ An immunoradiometric assay has been devel- 
oped to detect CA 125 in peripheral blood.* With this 
assay increased serum levels of CA 125 (with 65 U/ml 
assumed as a cutoff level) were found in 74% of patients 
with ovarian carcinoma, 22% of patients with nongy- 
Boe cancer, and 2.1% of patients with benign dis- 
eases.“ CA 125 has been detected in the serum of one 
half of patients with advanced endometriosis (stages III 
and IV) and in endometriotic lesions as determined by 
immunocytochemical studies.*° Furthermore, CA 125 
was shown in the blood of 0.2% of apparently healthy 
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Fig. 1. Ca 125 levels in amniotic fluid. 


control women, in the cervical mucus from normally 
ovulating women,’ in seminal plasma (unpublished 
data), in a percentage of women in the first trimester 
of gestation,®® and in amniotic fluid.* "° 

This investigation was undertaken to study the on- 
togency of CA 125 in pregnancy and to quantify its 
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Fig. 2. Serum CA 125 levels in pregnancy. 


Table I. Levels of CA 125 in amniotic fluid, maternal blood, cord blood, and fetal urine 





Amniotic fluid 
Maternal blood 
Amniotic fluid 
Maternal blood 
Amniotic fluid 
Maternal blood 


B 15-22 
G 33-42 
Cord blood 


First neonatal 
urine 





Weeks’ Mean + SD 
gestation Source (U/ml) 
7-12 






Range 
(U/ml) 






8,800 — 82,000 


24 3] + +21 10 — 91 
65 3,350 + 1,142 1,350 — 7,600 
19 20+ 8 10 — 38 
21 1,680 + 864 640 — 3,400 
24 9 +9 8 — 42 
20 19 + 10 10 — 50 

6 24 +6 LO — 33 





Amniotic fluid: group A versus group B, p < 0.002; group A versus group C, p < 0.002; group B versus group C, p < 0.0001; 


group C versus cord blood, p < 0.001. Maternal blood: grou 
group B versus group C, NS, group C versus cord blood, NS. 


concentration in cord and maternal blood and in amni- 
otic fluid at various gestational ages. 


Material and methods 


Specimens and tissues. A total of 99 samples of 
amniotic fluid was collected from healthy pregnant 
women: 13 during legal abortions in early gestation (7 
to 13 weeks), 65 by amniocentesis at midgestation (15 
to 22 weeks), and 21 at late gestation (33 to 42 weeks) 
through an amnioscope after artificial rupture of the 
membranes or by amniocentesis during cesarean sec- 
tion. Only amniotic fluid from pregnancies with no fetal 
abnormalities or maternal disorders were included in 
the study. A healthy pregnancy was established after 
control of several biophysical and biochemical param- 
eters. Four pregnancies before 37 weeks with idiopathic 
threatened preterm labor also were included. The ges- 
tational age was determined by ultrasonographic scan- 
ning before sample collection. All specimens not con- 
taminated with blood or meconium were centrifuged 
at 1000 g for 10 minutes to remove cells and debris. 

Individual maternal blood was obtained from 67 


p A versus group B, p < 0.05; group A versus group C, p < 0.02; 


healthy women at various stages of gestation. In 20 
cases cord blood was collected after delivery. First neo- 
natal urine specimens were obtained after delivery in 
six cases. Maternal blood, cord blood, amniotic fluid, 
and fetal urine samples were stored at —20° C and 
assayed within 1 month from collection. Fetal mem- 
branes and placental and decidual tissues were taken 
during legal abortions (eight cases, 9 to 13 weeks) and 
at the time of delivery (seven cases, 38 to 42 weeks). 
CA 125 assay. CA 125 was determined with a CA 
125 immunoradiometric assay kit (Sorin Biomedica, 
Saluggia, Italy). The intraassay and interassay variation 
was 8% (n = 12) and 11% (n = 10), respectively. Since 
all amniotic fluid CA 125 levels were found to exceed 
500 U/ml, the specimens were diluted (1:10, 1: 100) 
and assayed in duplicate. Dilutions were made with a 
serum diluent provided in the kit. 
Immunohistochemistry. The presence of CA 125 in 
sections of tissue was determined with the Histo CA 
125 Kit (Cis Diagnostici, Santhia, Italy), by the indirect 
immunoperoxidase method. Briefly, fragments of 
membranes and placenta were fixed in 10% formalin 
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Fig. 3. A, Extraplacental fetal membranes at term stained for CA 125 with biotin-avidin immuno- 
peroxidase method. Epithelial cells of amnion (am) show strong staining in cytoplasm and on cell 
surface. Chorion (ch) and decidua capsularis (de) are negative. (Original magnification X 100.) B, 
Epithelial cells of amniotic membrane at greater magnification, (Original magnification X 1000.) 


and embedded in paraffin. Tissue sections of 5 pm 
were incubated with the monoclonal antibody OC 125 
followed by incubation with a second antibody labeled 
with biotin. A stable avidin-peroxidase complex then 
was added to pinpoint the biotin site. The peroxidase 
was visualized with a chromogenic substrate. 

Statistical analysis. Student's / test was used in sta- 
tistical analysis of the data. 


Results 


High levels of CA 125 were found in all amniotic 
fluid samples examined. CA 125 levels in amniotic fluid 
from 8 to 12, 15 to 22, and 33 to 42 weeks of gestation 
ranged between 8000 and 82,000, 1350 and 7600, and 
640 and 3400 U/ml, respectively. The difference was 
statistically significant (Table 1). A rapid decrease was 
observed around the twelfth week of gestation, fol- 
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lowed by a gradual decline during the following weeks 
(Fig. 1). In 12.5% of pregnant women in the first 
trimester maternal blood showed levels of CA 125 >65 
U/ml (Fig. 2). The levels were highest in the seventh 
and eighth weeks, then decreased around the ninth 
week to remain low until term. Ca 125 levels in maternal 
blood were significantly higher during the first trimes- 
ter when compared with those during the second and 
third trimesters. Neither cord blood nor fetal urine had 
elevated concentrations of CA 125 antigen (Table I). 
Positive immunohistochemical staining for CA 125 was 
consistently detected in all epithelial cells of the pla- 
cental and extraplacental amniotic membranes of all 
specimens examined at early gestation and at term (Fig. 
3). Chorion membranes and placental tissues had neg- 
ative results. Decidua showed positive staining in the 
epithelium of the endometrial glands in seven of eight 
cases in early gestation (9 to 13 weeks); at term, how- 
ever, a faint positive reaction was detected in only three 
of the seven cases examined (data not shown). 


Comment 


In this study we found very high concentration of 
CA 125 antigen in human amniotic fluid (higher than 
in the serum from patients with ovarian carcinoma) but 
not in cord blood, fetal urine, or maternal blood. Fur- 
thermore, we investigated amniotic fluid CA 125 levels 
in the first, second, and third trimesters of pregnancy 
and found that amniotic fluid concentrations of CA 125 
decreased significantly toward term. The decrease of 
CA 125 in amniotic fluid during gestation can be ex- 
plained by: (1) the decrease of its production, (2) di- 
lutional factors as the amniotic fluid volume increases 
with gestational age, and (3) its active metabolism by 
the fetus. Our results are in agreement with those of 
Niloff et al.* for CA 125 in amniotic fluid and maternal 
blood, although their study was limited to the second 
and third trimesters for CA 125 in amniotic fluid. 

In the search for a source of CA 125, we found that 
the amniotic membranes contain the antigen; this find- 
ing is in contrast to the results of O’Brien et al.,'° who 
reported that extracts of chorion and decidua, but not 
extracts of amnion, contain high levels of CA 125. The 
demonstration that elevated concentrations of CA 125 
are found in amniotic fluid and that amnion was stained 
for CA 125 by the immunoperoxidase method suggests 
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that the antigen is shed into the amniotic fluid directly 
from the amniotic membrane and remains limited to 
the amniotic fluid. In fact, materna! blood does not 
show high levels of CA 125 during gestation, except in 
a small percentage of women in the first trimester. Thus 
we suggest that maternal blood CA 125 levels are re- 
lated to production of the antigen by endometrial glan- 
dular cells of the decidua, which show positive staining 
for CA 125 detection by the biotin-avidin immunoper- 
oxidase technique, especially in the first trimester. 

From these results, we speculate that the main source 
of CA 125 in amniotic fluid is the amnion. The pro- 
duction of the antigen by endometrial glands in the 
decidua] tissue may contribute to maternal blood levels 
of the antigen. The role of this antigen in human preg- 
nancy remains unclear. 
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CORRESPONDENCE 





Scalp platelet counts and management of 
immunologic thrombocytopenic purpura 


To the Editors: 

` I read the article by Moise and Cotton (Moise KG, 
Cotton DB. Discordant fetal platelet counts in a twin 
gestation complicated by idiopathic thrombocytopenic 
purpura. AM J OBSTET GYNECOL 1987;156:1141-2) 
with great interest. I would like to bring to the readers’ 
attention that before the article by Scott et al.’ cited by 
the authors, in 1978 I reported the use of scalp platelet 
counts and the management of immunologic throm- 
bocytopenic purpura during pregnancy.’ Indeed, in 
their article Scott et al. carefully cited my original article 
and proposed management protocol. 

Jahangir Ayromloot, MD 

Department of Obstetrics and Gynecology 
St. Peter's Medical Center 
254 Easton Avenue 
New Brunswick, NJ 08903 
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Reply 
To the Editors: 3 

Dr. Ayromlooi has pointed out that he indeed was 
the first to report the use of fetal scalp blood sampling 
in an effort to identify the thrombocytopenic fetus in 
pregnant patients with immunologic thrombocytopenia 
purpura. In our recent report involving the use of cor- 
docentesis in a pregnant patient with immune throm- 
bocytopenic purpura and twins, we chose to. reference 
Scott et al. instead of the article by Ayromlooi because 
of the larger number of patients evaluated by scalp 
sampling in the former article. We in no way meant to 
lessen the credit to which Dr. Ayromlooi is entitled 


because of his original contribution to the obstetric 
literature. 

Kenneth J. Moise, Jr., MD 
Department of Obstetrics and Gynecology 
Baylor College of Medicine 
One Baylor Plaza 
Houston, TX 77030 


Correction 


To the Editors: 

Unfortunately, in the article entitled “Nausea and 
vomiting of pregnancy and association with pregnancy 
outcome,” by Forrest D. Tierson, PhD, Carolyn L. Ol- 
sen, PhD, and Ernest B. Hook, MD, which appeared 
in the November 1985 issue of the AMERICAN JOURNAL 
OF OBSTETRICS AND GYNECOLOGY (155:1017-22), er- 
rors in the tables were not detected before this article 
appeared in print. All three tables as they originally 
appeared contain errors. 

In our original effort to make the tables easier to 
read, we included only percentages instead of the actual 
numbers of individuals in each outcome category. The 
values in the original Table I were based on an earlier 
analysis of 416 individuals versus the 414 individuals 
reported in the final cohort. Two additional women 
were dropped before the final cohort was defined be- 
cause of incomplete data for all relevant variables. By 
leaving out the numbers of individuals in each outcome 
category, we failed to notice that the wrong values ap- 
peared in the original table. The correct version of 
Table I, based on the actual reported cohort of 414 
women, appears here. We have also included the actual 
numbers of individuals in each outcome category in the 
correct version of Table I shown here. 

The reported values for the percentage of individ- 
uals in each outcome category were correct in the orig- 
inal versions of Tables II and III, but we inadvertently 
failed to change the reported numbers of women in 
each of the three categories of experience with nausea 
and/or vomiting of pregnancy to reflect the losses of 


Table I. Relationships between nausea and/or vomiting of pregnancy experience and pregnancy outcome 













Outcome category 





Live birth 81.8% 
(n = 383) (36*) 

Fetal death 18.2% 
(n = 31) (8*) 


Nausea and/or vomiting of pregnancy 








Vomiting 
Nausea only of pregnancy All 
(n = 136) (n = 234) cases 


90.4% 95.7% 92.5% 
(123%) (294%) 
9.6% 4.3% 7.5% 
(13*) (10*) 





x? = 11.54175; p < 0.001. 
* Actual number of individuals in each category. 
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Table II. Relationship between nausea and/or vomiting of pregnancy experience and infant birth weight 










Infant 
birth Nausea only 
weight (n = 123) 
=2750 gm 19.4% 5.7% 
(n = 36) (7*) (7*) 
>2750 gm 80.6% 94.3% 
(n = 347) (29*) (116*) 


Nausea and/or vomiting of pregnancy 
experience for all live births 












Vomiting All 
of pregnancy cases 
(n = 224) (n = 383) 





9.8% 9.4% 
(22*) 
90.2% 90.6% 
(202*) 





x” = 5.90798; p < 0.05. 
*Actual number of individuals in each category. 


Table III. Relationship between nausea and/or vomiting of pregnancy experience and length of gestation 







Length of 





gestation (n = 123) 
<37 wk 11.1% 1.6% 
(n = 18) (4*) (2) 
237 wk 88.9% 98.4% 
(n = 365) (32*) (121*) 


Nausea and/or vomiting of pregnancy 
experience for all live births 


Nausea only 






Vomiting 


of pregnancy 
(n = 224) 






cases 





5.4% 4.7% 
(12*) 
94.6% 95.3% 
(212*) 





x° = 6.10369; p < 0.05. 
*Actual number of individuals in each category. 


women experiencing fetal deaths. These tables reflect 
only live-birth pregnancy outcomes (n = 383) and not 
all outcomes (n = 414) as was the case with Table I. 
Correct versions of Tables II and III appear here. We 
have also supplied the numbers of individuals in each 


category. 


We wish to stress that the corrections to these tables 
change none of the results reported in this article. How- 
ever, we do regret allowing the mistakes in the tables 
to get into print. 

Forrest D. Tierson, PhD 
Department of Anthropology 
University of Colorado at 

Colorado Springs 
Austin Bluffs Parkway 
Colorado Springs, CO 80933-7150 
Carolyn L. Olsen, PhD 


State University of New York 

at Altany 
1400 Washington Avenue 
Albany, NY 12222 

Ernest B. Hook, MD 

Department of Social and 

Administrative Health Sciences 
School of Public Health 
303 Warren Hall 
University of California, Berkeley 
Berkeley, CA 94720 


The moon and menses 


To the Editors: 

Recently I had cause to study the article, “Lunar 
and menstrual phase locking,” by Winnifred Berg 
Cutler (AM J OBSTET GYNECOL 1980;137:834), and the 
laudatory letter by her colleague, Erica Friedmann 
(AM J OBSTET GYNECOL 1981;140:350) that followed, 
and I would like to bring to the attention of your 
readers some bias and imprecision I detected in their 
methods. 

Cutler claimed to have observed, in the fall of 1977, 
that more women with regular cycles of 29.5 days began 
to menstruate during the light half of the lunar cycle 
(around the full moon) than during the dark half 
(p < 0.001). From this she concluded: “Since 98% 
of cycles of 29.5 + 1 day in length are ovulatory, 
and ovulation occurs, on average, 15 days before 
menses, ... Thus, ovulation is occurring in the new- 
moon part of the cycle and is coincident with the great- 
est gravitational pull on earth.” Then Friedmann, using 
Cutler’s methods, reported similar results, but with a 
3-day lag, for observations made in the fall of 1979 
(p < 0.01). 

Cutler described her rationale and method as fol- 
lows: “Since menstrual and lunar cycles are repetitive, 
a circular chart (the lunar clock) for recording data was 
devised to tabulate the repeating cyclic phenomena in 
the natural form of a clock. With an almanac used to 
secure the exact dates, the new moon was placed at the 
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Fig. 1. Lunar calendar, devised by Cutler, redrawn with dates 9/16, 10/12, 10/13, 10/14, 10/15, 
12/5, and 12/6 placed in more appropriate compartments and with width of shaded area reduced. 


NEW MOON 


SPRING 





FULL MOON 


Fig. 2. Spiral lunar calendar with new moon, first quarter, full moon, and third quarter fixed at 0, 
90, 180, and 270 degrees, respectively. Periods when spring and neap tides occur also are indicated. 
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bottom (0 degrees) and the full moon at the top (180 
degrees), with the first and third quarters bisecting each 
180 degree’ semicircle. The rest of the calendar dates 
as they related to the lunar cycle during the fall were 
arrayed” (see Fig. 1). “The calendar was shaded to in- 
dicate the dark half-cycle of the lunar clock which en- 
compassed the bottom half of the graph—last quarter, 
through new moon, to first quarter. The top unshaded 
part of the graph, then, constituted the light half-cycle 
of the month— first quarter, through full moon, to last 
quarter. Each menstrual onset was entered by placing 
a dot in the appropriate sector. Since the average 
lunar cycle is 29.5 days and the average menstrual 
cycle is also 29.5 days, the many conjectures of a 
lunar menstrual relationship, cited above, did make 
sense.” 

Examination of Cutler’s calendar in Fig. 1 reveals 
there are 31 sectors and that the dark “half-cycle,” the 
shaded portion, contains 15 sectors, whereas the light 
“half-cycle” contains 16. This inequality is not evident 
at first because the sectors are not uniform in size and 
there are more small sectors in the light “half-cycle.” 
In addition to this disparity there are seven blank spaces 
in the dark “half-cycle” compared with five in the light. 
Thus the onset of menses was recorded on 53 days in 
the dark “half-cycle” but on 59 days during the light 
“half-cycle.” It is no wonder more menses were re- 
corded for the light “half-cycle.” 

A circular lunar calendar requires spaces for 32 days 
so as to accommodate the not infrequent 8-day quar- 
ters. However, with 32 spaces there will be two or three 
blanks per month. It is not clear why Cutler chose a 
31-day calendar, which has the disadvantage of not 
being divisible into two equal halves. I am also puzzled 
that in her figure the symbols for the new and full 
moons are placed as if these events occurred regularly 
at midday, yet for the third quarter the symbol appears 
in the evening and for the first quarter at midnight. In 
the last case only the relevant dates are placed in the 
sectors preceding the moon symbol. I might add that 
the new moon occurred on October 12, not 13 as in- 
dicated. 

I am concerned about the precision with which the 
menstrual cycles were measured and recorded and how 
many cycles were used to characterize subjects as ac- 
ceptable. Cutler specifies cycles of 29.5 + 1 days’ du- 
ration. Is this the mean and SE or the length and range 
of single cycles? If, as I suspect, it is the latter and cycles 
are recorded in whole calendar days when, then, is a 
cycle 29.5 + 1 days long? Does it mean a cycle of 28 to 
31 days? This point is more pertinent because some 
subjects may not know whether their menses started 
before or after midnight, so an onset could be recorded 
a day before or after the event. Thus the criteria used 
for including or rejecting cycles are somewhat arbitrary 
and provide ample opportunity for selection of the data 
to be analyzed. 

Similar imprecision is apparent in the description of 
the duration of the observations. On page 835, Cutler 


Correspondence 521 


twice. describes the study as lasting 14 weeks. She then 
states that it started on September 14 but the final entry 
was made on December 13, a period of 13 weeks. How- 
ever, the figure contains entries from August 24 to 
December 13, a period of 15 weeks. 

A final complication stems from Cutler’s method of 
determining the time of ovulation by subtracting 15 
days from the date of commencement of menstruation. 
Those women who begin menstruation on the last day 
of the 16-day light “half-cycle” must then ovulate on 
the first of that “half-cycle” and not during the opposite 
dark phase as claimed. This 15-day factor is of doubtful 
value and should not be used now that there are several 
nonintrusive methods of determining the time of ovu- 
lation. 

The Astronomical Ephemeris' shows that the time be- 
tween lunar phases varies from about 6 days 15 hours 
to about 8 days 4 hours and thus could be recorded as 
6 to 9 days on a calendar using whole-day units. If 
Cutler wishes to retest her hypothesis, she should con- 
struct a more accurate lunar calendar in spiral form in 
which the lunar phases are fixed to the hour at 0, 90, 
180, and 270 degrees. The arcs between these points 
divided into appropriate numbers, including fractions, 


of compartments to represent the days are shown in 


Fig. 2. There will be no need for blank spaces to correct 
this calendar, but it could be necessary to record to the 
nearest hour those menses that start on the first and 
last days of some quarters. In such a calendar the com- 
partments for the days will vary in size and they will 
not form regular radial stacks. 

The moon’s gravitational pull is the major force de- 
termining the ocean tides, but the sun also contributes 
a pull equal to about half that of the moon. Interaction 
between these two forces produces four series of ocean 
oscillations each lunar month. The larger pair of these, 
the spring tides, occurs around the new and full moons, 
when the sun and the moon are pulling approximately 
in line. The smaller pair, the neap tides, occurs around 
the first and third quarters, when the sun and moon 
are pulling at right angles to each other. If, as Cutler 
suggests, gravity is the force that entrains ovulation in 
some women with the period around the new moon 
(the period of one of the spring tides), then perhaps 
the graafian follicles of the remainder respond during 
the other spring tides, around the full moon. Thus it 
would have been more logical to look for clustering of 
ovulation in the quadrants between 315 and 45 degrees 
and again between 135 and 225 degrees of the lunar 
calendar (see Fig. 2) than to compare the incidence of 
ovulation during the light “half-cycle” with that during 
the dark “half-cycle.” However, the endccrine systems 
of women are constantly under a much greater gravita- 
tional pull from the earth itself so that the small fluc- 
tuations induced by the moon and the sun are almost 
negligible. 

Lunar entrainment of gamete release has been ob- 
served in brown seaweed? and other marine organisms, 
but it seems that other celestial events modulate ovarian 


522 Correspondence 


function in mammals. Some mice ovulate between 3 
and 5 aM,’ goats, deer, and sheep breed when the days 
are shortening, and red foxes breed 6 to 8 weeks after 
the winter solstice.’ So far it has only been claimed that 
lunar and ovarian cycles for some humans are locked 
in the northern fall. I wonder if evidence could be 
obtained for another season, another hemisphere, or 
even another species. With the exception of a few pri- 
mates, mammals with an ovarian cycle near 29.5 days 
are rare. The only one I could find is the red-bellied 
padymelon, Thylogale billardieru, a medium-sized, bi- 
pedal marsupial, common here in Tasmania.’ Should 
I try to obtain a grant to look for lunar tdes in the 
graafian follicles? 

Wesley K. Whitten, BVSc, DSc, FAA 
Departments of Zoology and Obstetrics and Gynecology 
University of Tasmania 
Hobart, Australia, 7001 
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Reply 
To the Editors: 

In response to Dr. Whitten’s interesting letter, I am 
pleased to reply to his concerns. There seem to be eight 
areas to address. 

1. Dr. Whitten suggests that the circular chart dis- 

plays only 53 days in the dark “half-cycle” versus 
59 in the light “half-cycle” and that this placement 
will spuriously expand on the effect claimed. 

In fact, I did use an almanac to secure the au- 
tumn calendar dates for the full and new, first and 
third quarters of the moon. Dr. Whitten is correct 
that there appear to be more sectors in the light 
half-cycle than in the dark half-cycle (16 versus 
15). However, the other control actually assigned 
sectors conservatively, i.e., against my hypothesis. 

First, note that in the first paragraph of the 
Results section I state: “Only the first recorded 
menstrual onset of the 14 week study is tabulated 
in order to avoid undue weighting of events in 
the directions of the trend.” Note that the first 
menses onset occurred between September 14 
(the start of the study) and October 14 (30 days 
later). Now if one goes back to my graph and 
counts the number of available days in the light 
half (from 9/21 through 10/4) and compares this 
with the number in the dark half (from 9/14 
through 9/20 and 10/5 through 10/14), one finds 
14 chartable days in the light half versus 17 in the 
dark half. The fact that the results yielded sub- 
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stantially more onsets in the light half in spite of 
there being more available days in the dark half 
actually compels toward my discovery, not against 
it. 


. The placement of symbols for the timing of moon 


phases did not account for time of day because I 
did not have that information available for menses 
onset either. Women are often unable to time the 
hour of onset of menstruation because flow may 
start so slowly that it is only noticed hours later. 
Additionally, Dr. Whitten’s concern that the Oc- 
tober new moon occurred on October 12, not 13, 
may reflect different almanacs, but this difference 
would not impact on the results because the data 
analysis divides light half from dark half, not first 
quarter from third quarter. 


. Regarding the concern about precision, my earlier 


article! explained the methods of cycle definition 
for each woman. Briefly, within this study, women 
with cycle lengths averaging 29.5 days tended to 
have three menses onsets recorded and each wom- 
an’s several cycles provided the data from which 
to calculate the mean and SD for that woman. 
Thus a cycle is 29.5 + ] day when this actually is 
a woman’s mean cycle length. Once all of such 
subjects with 29.5-day cycles have been selected, 
the menses onset occurring within the boundary 
between September 14 and October 14 is then 
recorded to produce the graph. 


4. The study duration was 14 weeks long. This rep- 


resents the boundaries beginning when the data 
collectors began to enroll subjects and ending 
when the last subject’s data card was turned in. 
The calendar drawing represents a design to en- 
compass a larger picture than that of data collec- 
tion because I designed it, in true double-blind 
fashion, before I knew when the first or the last 
menses onset datum would actually occur. 


5. The data available in this report did not include 


ovulation timing, nor did it make any such claims. 
Rather the discussion of putative ovulation time 
reflects a philosophical perspective as discussion 
sections of research articles tend to do. 


6. The suggestion that future data be collected more 


precisely to accommodate a spiral lunar calendar 
is theoretically very interesting but, as described 
in No. 2 above, such data may not be collectable 
because of practical limitations in defining when 
flow begins. 

The interested reader is referred to the sub- 
sequent 1987 replication, expansion, and more 
refined method of analysis of my own and Fried- 
mann’s additional data? In that article, by getting 
away from the circular chart and creating a cen- 
tered, weighted, moving average calculated as 
number of days since new moon, we may have 
found the most precise method by which these 
data can be considered. 


. The discussion of gravitational forces with spring 


and neap tides is interesting. I did not suggest 
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that gravitational forces entrain the menstrual cy- 
cle, but rather that “it might be considered that a 
natural rhythm of electromagnetic radiation has 
its origin in the lunar cycle, and may be reflected 
in phase-locking of the human menstrual cycle.” 

8. Finally, the discussion of which celestial events 

modulate reproductive cycles is particularly in- 
teresting. The work of Nobil elegantly showed 
that the lower mammals, which have estrous 
rather than menstrual reproductive cycles (two- 
phased follicular, then luteal aspects), were en- 
trained by solar events and that by cutting the 
nerve near the optic chiasm he was able to abolish 
the cycle in lower but not higher mammals. The 
ones that do not respond to the solar, visual path- 
way may well be the ones that respond to the 
lunar, electromagnetic ovarian pathway. 

In any event, the precise nature of the external force 
remains greater than my capacity to quantify or to un- 
derstand. 

Winnifred B. Cutler, PhD 
Athena Institute for Women’s Wellness 
30 Coopertown Road 
Haverford, PA 19041 
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Ovarian cysts and oral contraceptives 


To the Editors: 

It is regrettable that the peer review process of the 
AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY 
permitted publication of the article, “Phasic contracep- 
tive pills and functional ovarian cysts,” by Caillouette 
and Koehler (1987;156:1538-42) in its present form. A 
more thorough review of the literature by the authors 
would have shown that functional cysts also occur in 
the ovaries of women taking high-dose oral contracep- 
tives. For example, the Boston Collaborative Drug Pro- 
gram found that nearly 2% of women who required 
surgery because functional ovarian cysts had been using 
(high-dose) oral contraceptives. “Numerous cysts” have 
been reported with 100 mcg estrogen pills.' Ostergaard 
et al.’ reported corpus luteum cysts with high-dose con- 
traceptive usage, and additional reports have been pub- 
lished in other countries.* * 

The fact that Caillouette and Koehler noted a num- 
ber of ovarian cysts in the users of “phasic” pills may 
simply reflect the increasing popularity of these agents 
(currently about 4 million women), very possibly in 
their own practice as well. We are given no information 
as to their prescribing practices before the time of the 
reported cases. Anecdotal reports, be they ever so 
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flimsy, serve as a useful “early warning” system for 
monitoring rare adverse reactions. However, clusters 
of events are known to occur commonly by simple ran- 
dom chance. Drawing causal inferences from such data 
is unfortunately a common error and the inappro- 
priate, immoderate language used (“phasic contracep- 
tive pills may be a threat to patient health and safety”) 
is an Open invitation to irresponsible elements in the 
media and possibly to plaintiffs’ attorneys as well. It 
seems to me that Caillouette and Koehler are yelling 
“Fire!” in a crowded auditorium because they have just 
burned themselves with a match. 

Joseph W. Goldzteher, MD 

R. L. Young, MD 

Department of Obstetrics and Gynecology 
Baylor College of Medicine 
One Baylor Plaza 
Houston, TX 77030 


REFERENCES 


l. Zussman WV, Forbes DA, Carpenter RJ Jr. Ovarian mor- 
phology following cyclic norethindrone-mestranol therapy. 
AM J OBSTET GYNECOL 1967;99:99-105. 

. Ostergaard E, Starup J. Acta Endocrinol 1968;57:386. 

Ludwig KS. Experientia 1965;21:726. 

. Erb H, Ludwig KS. Experientia 1965;21:159. 


HX GO KD 


Reply 
To the Editors: 

It is unfortunate that Drs. Goldzieher and Young 
misinterpreted our article. They imply that we alleged 
that functional ovarian cysts do not occur in women 
taking high-dose oral contraceptives. Nowhere in the 
paper do we state this. I recognize that large, well- 
known epidemiologic studies have documented the oc- 
currence of functional ovarian cysts among high-dose 
oral contraceptive users'*; however, the major point 
that Drs. Goldzieher and Young did not mention is that 
these studies document the decreased risk of cyst devel- 
opment among high-dose monophasic pill users rela- 
tive to nonusers of oral contraceptives. My observations 
challenge the assumption that the newer multiphasic 
oral contraceptives also possess this protective benefit. 
Could it be that the hormonal dosages of these newer 
phasic formulations, some with the total progestin dos- 
age decreased by 39% from their monophasic coun- 
terparts, have been reduced too far? 

Drs. Goldzieher and Young question my own pre- 
scribing habits, suggesting that they may significantly 
affect the way in which the number of anecdotal cases 
might be viewed. In fact, I did not use the triphasic 
pills until late 1984. I had fewer than 50 patients using 
the phasic pills when I first noted the relationship be- 
tween this type of pill and functional ovarian cysts in 
late 1985. Since that time, I have discontinued the use 
of phasic contraceptive pills in my practice and use 
monophasic formulations only, because I believe they 
are the most reliable, reversible form of contraception. 

Since the publication of our article citing seven an- 


524 Correspondence 


Table I. Adverse functional ovarian cysts reported to FDA 


Years on No. of Share of Share of 
market reports cyst reports (%) __ prescriptions® (%) 






Oral contraceptive 


Total 76} 
=50 mcg 38 
<50 mcg Monophasic 8 
<50 mcg Multiphasic 6 
Triphasil/Tri-Levlen 4 26 
Ortho-Novum 7/7/7 4 
Ortho-Novum 10/11 6 
Tri-Norinyl 4 
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Ratiof 


100 100 1.0 
14 31 0.5 
16 47 0.3 
70 22 3.2 
34 6 5.7 
30 10 3.0 

5 4 1.3 
0 2 0.0 





*1984 to April 1988. Source IMS America Ltd. 
+Share of cyst reports divided by share of prescriptions. 
Does not include three reports associated with Micronor. 


ecdotal cases, I have been advised of 64 additional, 
similar cases by my medical colleagues. More impor- 
tantly, information from two more comprehensive 
sources has increased my interest in challenging the use 
of triphasics. The Food and Drug Administration’s 
Spontaneous Reporting System, as of April 27, 1988 
(obtained via the Freedom of Information Act), listed 
76 cases of ovarian cysts in combination oral contra- 
ceptive users. Table I summarizes those reports as they 
compare with relative market usage. 

Most recently, Ketting? reported that the incidence 
of pregnancy among users of triphasic oral contracep- 
tives is two to three times greater than that among users 
of monophasic formulations. Although Ketting did not 
measure the incidence of functional ovarian cyst de- 
velopment, his observations, combined with the FDA 
adverse experience data, support the concept that mul- 
tiphasic regimens may not completely suppress the 
pituitary-ovarian axis in all patients and therefore may 
result in an unexpectedly high incidence of functional 
ovarian cyst development or pregnancy. 

On June 3, 1988, I presented the seven original cases 
to the FDA’s Fertility and Maternal Health Advisory 
Committee Meeting. Although the Committee decided 
that the currently available data are not sufficient to 
draw any conclusions about the association between 
multiphasic oral contraceptive use and functional ovar- 
ian cyst development, they concurred with the FDA's 
original recommendation that each of the triphasic 
manufacturers conduct Phase IV studies to evaluate 
this potential association. 

My critics dismiss anecdotal reports and causal in- 
ferences as “a common error.” This was the way by 
which Silverberg and Makowski’ were able to associate 
endometrial carcinoma with sequential oral contracep- 
tives. Likewise, this is precisely the manner in which 
Lenz® and, independently, McBride’ alerted the world 
to thalidomide and phocomelia. 

Drs. Goldzieher and Young are indeed correct in that 
the seven case reports were presented as an “early 


warning” to alert physicians and nurse practitioners to 
the possibility of an adverse drug reaction when pa- 
tients use multiphasic oral contraceptive pills. While I 
respect the right of Drs. Goldzieher and Young to chal- 
lenge the importance of the article, I am disappointed 
that their unpublished letter, without the benefit of my 
reply, has been used by Wyeth sales representatives to 
question the integrity of my observations. Nonetheless, 
their criticisms are noted. In closing, I feel justified in 
encouraging more articles from private practitioners 
who may be the first to recognize an important clinical 
problem relating to patient health and safety. 

James C. Caillouetie, MD 
Department of Obstetrics and Gynecology 
University of Southern California School of Medicine 
50 Bellefontaine St. 
Pasadena, CA 91105 
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nouncements carry a charge of $60.00 U.S. per insertion and the fee must 
accompany the request to publish. Information will be limited to title of 
meeting, date, place, and an address to obtain further information. Send 
announcements and payment, payable to this JOURNAL, to Kay G. Goehler, 
Senior Manuscript Editor, Journal Editing, The C.V. Mosby Company, 11830 
Westline Industrial Drive, St. Louis, Missouri 63146-3318. 


Postgraduate Course in Gynecologic and Obstetric 


Pathology with Clinical Correlation, April 
10-14, 1989, Parker House Hotel, Boston, 
Massachusetts. Fee for course is $595.00 (res- 
idents and fellows, $375.00). Address for fur- 
ther information: Department of Continuing 
Education, Harvard Medical School, 25 Shat- 
tuck St., Boston, MA 02115. 


The Annual International Reproductive Health Sem- 
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inar, November 17-19, 1989, Sheraton Yankee 
Clipper Beachside Hotel, Ft. Lauderdale, 
Florida. Sponsored by IPARC, International 
Population and Reproduction Council, Inc., in 
cooperation with JPARC Human Develop- 
ment Program, Inc. For further information 
contact: Howard A. Engle, MD, Director Gen- 
eral, IPARC, 975 Arthur Godfrey Road, Suite 
102, Miami Beach, FL 33140. Tel.: (305) 531- 
0047. 


of a regular JOURNAL subscription. 


Bound volumes available to subscribers 
Bound volumes of the AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY are avail- 
able to subscribers (only) for the 1989 issues from the Publisher, at a cost of $56.00 ($79.00 
international) for Vol. 160 (January-June) and Vol. 161 (July-December). Shipping charges 
are included. Each bound volume contains a subject and author index and all advertising 
is removed. Copies are shipped within 60 days after publication of the last issue in the 
volume. The binding is durable buckram with the JOURNAL name, volume number, and 
year stamped in gold on the spine. Payment must accompany all orders. Contact The C.V. 
Mosby Company, Circulation Department, 11830 Westline Industrial Drive, St. Louis, 
Missouri 63146-3318, USA; phone (800) 325-4177, ext. 351. 
Subscriptions must be in force to qualify. Bound volumes are not available in place 


Specialty Review in Obstetrics and Gynecology, April 


9-15, 1989, Chicago, Illinois. Sponsored by 
Cook County Graduate School of Medicine. 
For additional information, contact the Regis- 
trar’s office. Toll-free number: In Illinois 1 
(800) 621-4649; outside Illinois 1 (800) 621- 
4651. 


Chicago Area Schools of Medicine Obstetrics and Gy- 


necology Review Course, June 12-17, 1989, 
McCormick Center Hotel, Chicago, Illinois. 40 
hours Category I, 40 Cognates, Formal Learn- 
ing, ACOG. For information, contact: The 
University of Chicago, Center for Continuing 
Medical Education, 5841 S. Maryland, Box 
139, Chicago, IL 60637. Tel.: (312) 702-1056. 
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Group Health Cooperative of Puget 
Sound, a 360,000-member pre-paid 
group practice, currently has a 
position for an OB/GYN Physician. 
Referral only practice in a . 
multi-specialty organization. 


To inquire, write: 
Director of Medical Staffing 
Group Health Cooperative 
of Puget Sound 
521 Wall Street 
Seattle, WA 98121 


` Group -` 
a? A)  - 
o¥” Cooperative . 
cf Puget Sound 
Affirmative Action/Equal Opportunity Employer 





DIRECTOR 
DEPARTMENT OF 
CBSTETRICS/GYNECOLOGY 


Hartford Hospital, an 885 bed tertiary care, regional 
referral teaching hospital, is seeking a full time 
director for the Department of Obstetrics and 
Gynecology. 


The hospital is a major training center which main- 
tains an affiliated residency program in Obstetrics 
and Gynecology, is a primary teaching affiliate of 
the University of Connecticut School of Medicine 
and is a shareholder of Voluntary Hospitals of 
America. 


The Department includes forty-five board certified 
private practice and hospital faculty Obstetrician/ 
Gynecologists who provide a comprehensive 
range of office and hospital services and perform 
over 5,090 deliveries annually. 


The candidate should have demonstrated clinical, . 


teaching and scholarly abilities, proven administra- 
tive skills, and national leadership capability in gen- 
eral hospital Obstetrics and Gynecology. The di- 
rector will hold a sentor academic appointment in 
the Department of Obstetrics and Gynecology. 
Certification by the American Board of Obstetrics 
and Gynecology is a prerequisite. 
Responses, including C. V. should be sent to: 
William Slover, M. D. 
Chairman, Search Committee 
Hartford Hospital 
80 Seymour Street 
Hartford, CT 06115 





Be in on the delivery 
of the solution to 
OB staffing. 


LOCUM TENENS, INC., a division of Jackson 
& Coker, offers the qualified OB/GYN: 


* 3 to 9 month guaranteed contracts 
e competitive daily rate M f4 
e licensing and coordination Pi 
e knowledgeable administrative support 
e round trip airfare j~ 
° on-site housing and transportation 
e permanent practice 

opportunities 


Call 1-800-544-1987 
or write to: 

Locum, Tenens. Inc. 
400 Perimenter 
Center Terrace 

Suite 760 OGLT9 


Atlanta, Georgia 30346 
‘ | 


LOCUM 
TENENS, INC. 


A Division cf 
Jackson and Ceker 









WE NEED TWO 
OB/GYN's 


Excellent opportunity 
for board certified/board 
eligible OB/GYN's to 
join an established 
practice. We are a 130 
bed acute care hospital 
located in the Palm 
Springs resort area. 
Outstanding growth 
potential with 
guaranteed 1st year 
minimum income and 
relocation benefits. 
Send C.V. to 

Peter Gasperoni. 


in, Hospital 


47-111 Monroe St., Drawer LLLL 
Indio, California 92202-2588 


(619) 347-6191 


A National Medical Enterprises Health Care Centar. 
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JOHNS HOPKINS HEALTH SYSTEM 
medical group needs additional physi- 
cians in Internal Medicine, Pediatrics, 
Family Practice, OB/GYN, Cardiology, 
Occupational Medicine, Orthopedics, 
Physical Medicine, Psychiatry, Pulmo- 
nary Medicine and other specialties for 
full-time and part-time positions at new 
and established offices throughout the 


greater Baltimore area. Physicians must 


be board certified or active candidates, 


and eligible for Maryland license and DEA 
certificate. Interviewing now for next sum- | 


mer; some positions available immedi- 
ately. Equal Employment Opportunity 


Employer. Send current curriculum vitae . 


to: Charles R. Mock, M.D.; Medical Direc- 
tor; Office of Regional Programs; Wyman 
Park Medical Associates; 3100 Wyman 


Park Drive; Baltimore, Maryland 21211. 


OB/GYN | 
Rapidly growing, innovative primary care 
clinic has openings for two board eligible/cer- 
tified OB/GYN physicians. New clinic facility. 
in the fastest growing urban area in Minne- 
sota. St. Cloud is a community of 45,000 lo- 
cated on the upper Mississippi River 70 miles 
from Mpls./St. Paul.: Be close to lakes, ski 
areas and excellent schools, including three 
universities. Join a supportive primary care 
staff and receive competitive salary, outstand- 
ing benefits, liberal vacation and educational 
leave, malpractice coverage, etc. Contact 
Physician Services, Central Minnesota Group 
Health Plan, 1245 15th Street North, 
St. Cloud, MN 56303. 612/253-5220. EOE. 








. Women and minorities are encouraged to apply. 





OB/GYN l 
POSITION AVAILABLE 


New Hanover Memorial Hospital, located in beau- 
tiful, historic, oceanside Wilmington, North Caro- 
lina is seeking an Obstetrician trained in Maternal- 
Fetal Medicine to supervise the training of- resi- 
dents and students in High Risk Obstetrics. New 
Hanover Memorial is a 500 bed major referral hos- 
pital for Southeastern North Carolina with Ob/Gyn 
and other graduate medical education programs 
affiliated with the University of North Carolina 
School of Medicine. The Ob/Gyn Residency pro- 
gram consists of eight residents in a four year pro- 
gram, and full time faculty supported by’ faculty 
visits from Chapel Hill as well as an enthusiastic 
private attending staff. Teaching responsibilities 
also include medical students from the University 
of North Carolina at Chapel Hill. The candidate 
should be Board Certified or Board Eligible in Ma- 
ternal Fetal Medicine. Academic experience desir- 


. able. Successful candidate will be eligible for ten- 


ure track appointment at UNC School of Medicine. 
Please submit curriculum vitae and references to: 


Chairman, Search Committee in Ob/Gyn 
Area Health Education Center 
New Hanover Memorial Hospital 
2131 South 17th Street 
Wilmington, North Carolina 28402 


The University of North Carolina at Chapel Hill is 
an Affirmative Action/Equal Opportunity Employer. 


OB/GYN 
CLEVELAND, OHIO. 


Excellent opportunities available for 
BC/BE OB/GYN’s interested in private 
practice in Cleveland, Ohio. 

Progressive, financially stable 316- 


bed community hospital seeks OB/ 
GYN’s. Options available—associa- 


tion with existing OB/GYN, solo, or 


group. 


Attractive financial package and fringe 
benefits including malpractice insur- 
ance. 

For further information please contact 
the following or send CV in confidence 
to: 


Christina W. Black, Vice President 
Deaconess Hospital of Cleveland 
4229 Pearl Road 
Cleveland, OH 44109 
1-800-262-6860 
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OBSTETRICS & 
GYNECOLOGY HEADING 


Excellent opportunity for BC/BE 
- Obstetrician/Gynecologist. Join 
= awell established fee for service 
75 physician multi-specialty 
group in Rocky Mountain area. 
Great professional opportunity. 


Fine place to raise afamily, enjoy 
the out of doors, and we have 
excellent cultural amenities in 
our small city. Forward CV to: © 


John W. Heizer, M.D. 
Medical Director 
The Billings Clinic 
P.O. Box 35100 
Billings, MT 59107-5100 















Academic Opportunities 


The Department of Obstetrics and Gynecology 
of the College of Physicians and Surgeons of 
Columbia University offers academic programs 
for faculty in Genetics, Endocrinology, and 
Maternal Fetal Medicine. This is an opportunity 
for individuals whose primary interests dre in 
research and education to work in an 
environment conducive to the continuing 
growth of these interests. 


Clinical skills are a prerequisite for education 
of others, but will not be a major activity. for 
salary or advancement. We seek scholarly 
individuals at middle or junior academic levels 
who are interested in working with basic 
scientists to continue their intellectual growth. 
Contact Dr. Mortimer G. Rosen, Chariman, 
Dept. of OB/GYN, Columbia University, 622 
West 168th Street, New York, NY 10032. 
Equal Opportunity Employer. 














BC/BE OBSTETRICIAN/GYNE- 
COLOGISTS to join an expand- 
ing and progressive 200 member 
multispecialty clinic with a mul- 
tisatellite referral system encom- 
passing a service population of 
250,000. Clinic and adjoining 
210 bed hospital contains all as- 
pects of Ob/Gyn office and hos- 
pital care including a Level Ill 
nursery, laser surgery, and a 
superb GIFT and infertility pro- 
gram. All practice costs paid. Tri- 
College community located 40 
miles from beautiful Minnesota 
lake district. Please send CV to: 


John L. Weir 
‘Associate Administrator 
Dakota Clinic, Ltd. 
P. O. Box 6001 
‘Fargo, ND 58108 

























BE/BC OB/GYN TO JOIN 
- SOLO PRACTITIONER IN 
RAPIDLY GROWING AREA OF 


NORTH SAN DIEGO/ 
SOUTHWEST RIVERSIDE 
| COUNTIES. 


EXCITING OPPORTUNITY TO 
BE A PART OF THE OPENING 
OF A NEW HOSPITAL 
MATERNITY: UNIT 


SCHEDULED FOR APRIL 1989 


‘SALARIED POSITION INITIALLY WITH 
OPTION FOR PARTNERSHIP AFTER 
ONE YEAR. 


SEND C.V. TO: 


Timothy Elfelt, M.D. 
29645 Rancho California Road, 
Suite 213 l 
Temecula, California 92390 


NO CALLS PLEASE. 
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OBSTETRICS AND 
GYNECOLOGY 
WISCONSIN 


We. are looking for a Board Certified/ 
Board Eligible obstetrician/gynecolo- 
gist to join a 7 physician OB/GYN De- 
partment in a large multi-specialty 
group practice located near Mil- 


waukee, Wisconsin, to share cover- 
age at two clinic locations and two 
hospitals. Competitive salary and 
fringe benefits. 


Forward inquiries and CV to: 


Administrator 
PO. Box 427 
Menomonee Falls, WI 53051 


MATERNAL-FETAL MEDICINE 


The Department of Obstetrics and Gynecology at the 
University of South Dakota School of Medicine is search- 
ing for a second Perinatologist for our growing division 
in Sioux Falls. Applicants should be BC/BE in Maternal- 
Fetal Medicine and interested in clinical practice, clinical 
and/or basic research and health care development and 
organization in a rural setting. 


The Division of Maternal-Fetal Medicine encompasses 
two hospitals with a total of 887 beds, 2700 deliveries 
and six neonatologists in Sioux Falls and serves as a 
referral center for eastern South Dakota and parts of 
lowa and Minnesota. An active genetics service is in 
place within the Department and ultrasound is available 
at both hospitals providing our prenatal diagnostic ser- 


vices. Clinical activities include participation in the High 
Risk Clinic and Maternal Transport Program. Clinical and 
basic science research are available and encouraged. 
Salary is competitive and benefits are generous. The 
Sioux Falls community provides enjoyable and active 
four season living. If you enjoy innovation and chatlenge, 
write or call: 


R. Herbert Wiebe, M.D. 
Chairman, Department of OB/GYN 


or 


Fred D. Fumia, M.D. 
Director of Maternal/Fetal Medicine 
USD School of Medicine 
1100 South Euclid PO Box 5039 
Sioux Falls, SD 57117-5039 
(605) 339-6552 





Join a Leader 
We’re The Ohio Permanente Medical 
Group, Inc. 


and we are looking for board certified/board eligible 
Obstetrician/Gynecologists to help us keep up with rapid 
growth of the Kaiser Permanente Program in Northeast- 
ern Ohio. OPMG is the multispecialty group practice 
that provides health care services to the more than 
185,000 Kaiser members in the Cleveland-Akron area. 


Our wealth of experience of over 40 plus years (25 in 
Ohio) makes Kaiser Permanente a mature, solid, leader 
in the managed care sector of the health care industry. 
The rewards of practice with us are substantial—excel- 
lent salary and benefit packages, company-paid retire- 
ment plan, full malpractice coverage, a stimulating, col- 
legial environment in which to practice quality medicine, 
and more. 

Kaiser Permanente’s Ohio Region is located in the heart 
of the dynamic, resurgent industrial Midwest. The area 
offers the best of big city sophistication and culture in 
an affordable, accessible living area. 


Please send your resume to: Ronald G. Potts, M.D., 
Medical Director, Ohio Permanente Medical Group, Inc., 
1300 E. 9th Street, Suite 1100, Cleveland, OH 44114. 
Or you may call us collect at (216) 623-8780. 
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KAISER PERMANENTE 





OBSTETRICIAN- 
GYNECOLOGIST 


The Permanente Medical Group, Inc. of 
San Jose, California is seeking Board 
Certified/Eligible physicians for im- 
mediate openings in the OB/GYN. Depart- 
ment. The Department is young, dynamic, 
and currently has seventeen members. 
Salary is competitive and benefit package 
is outstanding, including full coverage 
malpractice insurance and generous re- 
tirement plan. San Jose is located in the 
San Francisco Bay Area and offers 
superb cultural and recreational activities. 


Contact: 

Jerome L. Nehemiah, M.D. 

Chief 

Department of OB/GYN 

The Permanente Medical Group, Inc. 
260 International Circle 

San Jose, CA 95119 

Or call: 408-972-6210 or 408-972-6113 


or call (312) 808-455] 
f C an equal opportunity employer m/t/h 
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Ath) Michael Reese Health Plan 


The Michael Reese Health Plan, a large 
well-established HMO serving its members in 
l 20 Health Centers throughout the Chicago 

Metro area, is seeking additional Board Certi- 

! fied/Eligible physicians in the following 
specialty: 


Obstetrics 
Gynecology 


Physicians with the Health Plan enjoy a full 
practice with modern facilities and equipment 
as well as opportunities for teaching. 


A aighly-competitive salary and excellent ben- 
efits complement a rewarding practice and 
lifestyle. 


Interested applicants should address inquiries to: 


' Scott P. Smith, M.D. 
MICHAEL REESE HEALTH PLAN 
2545 Dr. Martin Luther King Dr., 
| Chicago 60616 


OB/GYN 


CHARMING N.W. OHIO 
UNIVERSITY COMMUNITY 


Private practice opportunity; call 
coverage shared with two established 
OB/GYN practitioners. Generous 
compensation package supported by 
well-equipped community hospital. Di- 
verse recreational and cultural oppor- 


tunities, excellent schools and a family 
‚į . Oriented life-style. 


Submit C.V. to: 


Nadene Norr 
Marvel Medical Recruiters 
3690 Orange Place, Suite 260 
Beachwood, Ohio 44122 
Ph: 1-800-338-1257 
216-292-2855 

















CHAIRMAN 
DEPARTMENT OF OBSTETRICS AND 
i GYNECOLOGY 
MOUNT AUBURN HOSPITAL 
CAMBRIDGE, MASSACHUSETTS 


Mount Auburn Hospital, a Harvard Medical Center 
community teaching hospital located in Cam- 
bridge, Massachusetts, is seeking a Chairman for 
the Department of Obstetrics and Gynecology. 
This is a geographic full time appointment which 
requires a candidate with a background in clinical! 
care, administration and teaching. The candidate 
will be eligible for an academic appointment at the 
Harvard Medical School. 


Mount Auburn Hospital's Department of Obstetrics 


and Gynecology has active inpatient programs, in- 
cluding a growing obstetrical service of 1,300 de- 
liveries per year and inpatient and outpatient 
gynecology programs. The department also in- 
cludes a hospital basec physician group practice, 
a hospita! based midwifery service, an active out- 
patient program, medical student clerkships and a 
new birthing center, post-partem unit and ambula- 
tory surgery center under construction. 


Please send curriculum vitae and correspondence 
to: 


James Roosevelt, Jr. 
Chairman Search Committee 
Mount Auburn Hospital 
330 Mount Auburn Street 
Cambridge, Massachusetts 02238 





SPECIAL DELIVERIES. 
SPECIAL CHALLENGES. 


The Southern California Permanente Medical Group invites 
you to join-a unique HMO multispecialty group practice — a 
partnership composed of and managed by SCPMG physicians. 
Board eligible/certified PERINATOLOGISTS are needed 
for our high-volume obstetric services which handles 3,000- 
6,000 deliveries per year. Opportunities exist both to join and 
create high risk services. 
There are positions available to practice Perinatology 
exclusively. Perinatologists who are interested in performing 
other aspects of obstetrics and gynecology may do so. We also 
have positions available for Endocrinologists and General 
Obstetrician-Gynecologists. University affiliation and clinical 
research are encouraged. 
Our compensation is competitive and benefits are outstan- 
ding. They include: professional liability, medical and dental 
coverage, vacation and sick leave, continuing education, life in- 
surance and retirement plans. After two years full-time 
employment, physicians are eligible to be considered for 
partnership. 
For z physician application, please call or write to: William 
G. McCormick, M.D., Physician Recruitment, Dept. 49A9, 
Walnut Center, Pasadena, CA 91188-8854. (714) 829-5365. 


Equal Opportunity Emplayer M/F/H 
KEA 
M 


KAISER PERMANENTE 
Good People. Good Medicine. 
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~ Obstetrician/Gynecologist 
. University of Pittsburgh | 
~ School of Medicine. . 


= Thé Section of. Gynecology, Department 
of Obstetrics. and Gynecology is seeking. `. 
‘a board-certified or eligible Obstetrican/. _ 

‘Gynecologist with a special interestin am~- 

bulatory and operative gynecology and. 


student education. Active academic de- 
. partment with opportunities in collabora- 


tive research and clinical care. Rank and’ 


salary are based on_prior experience. 
‘Send curriculum vitae to: 


Marvin C. Rulin; M: D. 
Professor and Acting Chairman: 
University of Pittsburgh a 
School of Medicine . 
_ Department of Obstetrics and. 
| Gynecology l 
Magee- -Womens Hospital. 
Forbes Avenue and Halket Street 
baie uy ood ie tized 15213 es 














DIRECTOR, © 
OBSTETRICSIGYNECOLOGY © 
TRAINING FOR FAMILY: 
~ PRACTICE RESIDENCY 


Position available as Director, Training in OB/GYN for 
aF.P. residency at a 488-bed community hospital lo- ` 
cated in Western PA, approximately 40 miles from 
Pittsburgh, PA. The F.P. residency with 15 residents . 
is a fully accredited program with a faculty composed 
of 5 board certified family practitioners, 1 board cer- 
tified internal medicine physician and 1 behavioral 
scientist. Candidate will have the opportunity to work 

. full-time in education with significant time a research i 
and family/personal affairs. | l 





Salary and benefits are competitive and nega oie a 
Please call 412-728-7000, ext. 1633 for more informa- 
tion orsendi mange and eumeum vita to: Human 


E G 
. The Medical Center: 


. > . 1000.Dutch Ridge Road 
eg Beaver, PA'15009 


„An Equal Opportu nity Employer 
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‘Marshfield clnte, a 260 ee multispe- — 
__ Cialty private group practice in Central Wiscon- - 
- stn,is seeking a Fellow trained BC/BE Reproduc- 
‘tive Endocrinologist to join its 9 member Depart- 
. ‘ment of OB/GYN which includes a Perinatologist 
` anid Gynecologic Oncologist. The Clinicserves as 
_'. ża major regional referral center and provides a 
comprehensive spectrum of existing supporting | 
. specialties and services. An adjacent 524 bed . 
“acute care teaching hospital includes a Level II 
_ Perinatal Center and a 24 bed Neonatal! Unit. 
.. Teaching and research opportunities also exist. 
Please send curriculum vitae ana the names of 
| several references to: 


Mr. James Mikula 
_ Assistant Director - Patient Services ~ 


1000 North Oak Avenue 


Marshfield, WI 544 i 
or call collect at i 5) 387-5830 ~ 


Marshfield Ginic 
























NORTHERN CALIFORNIA 


- -The Kaiser Permanente Medical Care 

Program of Northern California, San 
_. Francisco Bay Area, a federally qual- 
ified HMO, seek a board certified eli- 


5 k gible physician for the Department of 


Obstetrics/Gynecology. in our Rich- 
“ mond medical office for 1989. - 
Competitive salary. © °° 

Excellent benefits include full mal- 
-. practice and- medical coverage, paid 

vacation, holiday, education and sick 


leave, retirement plan and share- | 


holder opportunity. 


~ Direct letter of introduction and cur- 


-riculum vitae to: 


< Victor A. David, M.D. 
_ Chief of OB/GYN _ 
_ Kaiser Permanente Medical Ceriter 
< 901 Nevin Avenue 
Richmond, ‘California 94801 


` or- cail collect (415).231-4823 





at Endocrinologist, 


SUNLIFE 
OB/GYN 
@ SERVICES, INC. 


Opportunities 


in the Sunbelt | : 


Excellegg Compensation 
Flexibla™cheduling 
ProfessiOnal Liability Insurance Coverage 


NC 800-672-5770 
US 800-258-9234 


Contact:Jane Senger 
2828 Croasdaile Drive 
P.O. Box 15733 
Durham, NC 27704 





_# 
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The Department of Obstetrics and Gynecology at the University of 
Tennessee Medical Center at Knoxville, Tennessee is currently 


accepting applications for an additional Maternal-Fetal Medicine 
Specialist. 


This position requires Board certification or eligibility in Maternal- 
Fetal Medicine. Responsibilities include resident and medical 
student education, participation in Regionalization program and 
clinical or basic research. Specialized areas of interest such as 
critical care, ultrasonography and Doppler studies, and prenatal 
diagnosis are encouraged. .A private practice opportunity is 
available. 


Academic rank is commensurate with qualifications and 
experience. ; 


Interested persons should send curriculum vitae to: 


Gary E. Kleinman, M.D. 
Director, Regional Perinatal Prograrn 
Department df Obstetrics and Gynecology 


For more information call (615) 544-9306 


or- UNIVERSITY OF TENNESSEE 
Medical Center at Knoxville 
1924 ALCOA HIGHWAY 
KNOXVILLE, TENNESSEE 37920 
615) 544-9520 
EEO/An Aifirmative Action/Title IX/Section 504 Employer 






A full-time position is available for a perinatologist 
in Materna-Fetal Medicine in the Department of 
OB/GYN, U.C. Davis Medical Center, Sacramento. 
Applicants should be Board eligible or certified in 
OB/GYN and must have successfull completed 
subspecialty training in Maternal-Fetal Medicine 
with subsequent Specialty Board eligibility and/or 
certification. Applicants must demonstrate experi- 
ence and competence in teaching effectiveness 
and research related activities. Applicants must 
demonstrate experience in prenatal diagnosis, ul- 
trasound and genetics. 


Responsibilities include inpatient and outpatient 
case management, surgery and procedures spe- 
cific to high risk obstetrics, participation in teaching 
activities with residents, interns and medical stu- 
dents, development and/or participation in re- 
search activities and involvement in University and 
Hospital committees. 


Send curriculum vitae and five references to: 


R. Jeffrey Chang, M.D. 
Chairman, 

Department of Obstetrics and Gynecology 
University of California, Davis, 
Medical Center 
1621 Alhambra Boulevard, Suite 2500 
Sacramento, California 95816 


The final date for receipt of applications is March 
31, 1989. 


The University of California, Davis is an equal op- 
portunity, affirmative action employer. 


OBSTETRICS & 
GYNECOLOGY 


3rd Year Resident Position 


‘We have an unexpected opening at 


3rd year (PGY-3) level, University of 
Tennessee program, Memphis, Ten- 
nessee, for July 1, 1989. 


Applicants must have completed in- 
ternship and one year of ACGME 
accredited OB/GYN training. 


Contact: 


George M. Ryan, Jr., M.D. 
Program Director 
University of Tennessee 
Department OB/GYN 
853 Jefferson Avenue 


Memphis, Tennessee 38469" | 
phone: (901) 528-5864. a T 
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- The Obstetrics and Gynecology Review Course 


February 20-25, 1989 — Los Angeles 
April 24-29 and “November 27-December 6, 1989 — Chicago 
Now, your comprehensive review of basic and clinical science 


Co-sponsored by the Osler Ins 


OBJECTIVES: | 


e Increase basic knowledge and clinical skills in ob-gyn. 


e Assist residents and fellows to organize study 
e Prepare candidates to enter their specialty 
e Provide practicing gynecologists with an update 


METHODS: 


titute and St. Louis University 


e HOME STUDY MATERIALS with questions and answers 
e SEMINAR with projection slides and syllabus 

e LABORATORY with microscopic slides 

e PRACTICE EXAMS with oral and written parts. 


* Any six days will complete the program. 8:00 AM to 9:30 PM Nov. 27-Dec. 2 (live); Dec. 3-6 (Video replay of Nov. 27-30). 





"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as well."* 


TOPICS 

Clinical Science - Benign Gynecology 
Surgical Anatomy Infectious Diseases 
Embryology Urinary Retention 
Radiology Urinary Incontinence 
Genetics Pediatric Gynecology 
Teratology Sexual Assault 
Anesthesiology Ectopic Pregnancy 
Antibiotics Endometriosis . 
Pathology Reproductive Endo. 
Vulva Contraception 
Vagina Infertility 

Cervix Amenorrhea 
Endometrium Abnormal Bleeding 
Myometrium Androgen 

Ovary Prolactin 

Placenta Menopause 
Oncology Maternal-fetal Med. 
Chemotherapy Pharmacology 
Vulva and Vagina Diabetes 

Cervix Hypertension 
Uterus Hematology 

Ovary Antepartum Testing 
Trophoblast Premature Labor 
Breast 


Terre Haute, IN 47802 
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"Accommodations were comfortable...."* 


GOALS AND LOCATION: This ‘course 
for residents and practicing gynecologists 
is a comprehensive review and update of- 
fered in the spring and fall. The fall course 
is more clinically oriented and will be in 
Chicago. The meeting hotels will be the 
best combination of good study environ- 
ment and bargain rates. Our experience 
shows that patient negotiation gives our 
participants the best value. Please wait for 
instruction before buying travel tickets. 


"” „and those little extras...."* 


LOWEST AIR FARES: Reliable Travel 
offers you the lowest air fare — often 
below super-saver rates. Please call toll- 
free 1-800-645-6504 ext. 10 and identify 
yourself with this Osler course. 


"remarkably complete and pleasant."* 


PLACEMENT SERVICE: For a practice 
opportunity write or call (800) 356-7537. 


"the most education for the money."* 
FEES AND C.M.E. CREDITS: 


e Category 1 CME. Credit: 60 Hours 
e Practicing Gynecologists: $630 
e Residents and Fellows: one third off 
e Repeating seminar within 3 years: half price 


e Optional extra day, Dec. 3 (more questions, 
answers and pathology laboratory): $150 

e Add 10% for Los Angeles after February 10. 

e Attendees not in course hotel add $8/day. 

e $50.00 will reserve your position. 

e Most home study materials will be mailed 
after half the registration fee is received. 

eSt. Louis University is accredited by the 
ACCME and designates this propan orup 
to 60 hours in Category 1 of the Physician’s 
Recognition Award of the A.M.A. 


"home study material was earemely helpful"* 

CANCELLATIONS:Refunds subject to $50 
fee, will be made until the seminar begins. 

eCancellation after mailing home study 
material requires retention of half of the fee. 


"I feel [the course] helped me pass...."* 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
THE OSLER INSTITUTE 
1094 Dawn Lane, Terre Haute, IN 47802 
(800) 356-7537 or. (812) 299-5658 


* Comments by participants 
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sorethindrone/ethinyl estradiol 

ch white tablet cartamns 05 mg norethindrone and 0.035 mg ethinyl estradiol. Each ight peach tablet 
ntains 0.75 mg norethindrone and 0.035 mg ethinyl estradiol Each peach tablet contains 1 my nore- 
indrone and 6035 cag ethinyl estradiol. Fach green tablet in 28-day regimen contains mert ingredients 






























F INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 

p CONTRAINDICATIONS: Orai contraceptives should not be used in women who currently have the following 
P conditions: 1 Thromboshiebrus or thromboembolic disorders 2 A past history af deep vein thrambophle. 
Bilis or thremboambol-c disorders 3. Cerebral vascular or coronary artery disease 4 Known or suspected 
arcinoma of the breast. 5 Carcinoma of the endometrium or other known or suspected estrogen-depen- 
lent neopiasia 6 Undiagnosed abnormal gemtal bleeding 7 Cholestatic jaundice of pregnancy of jaundice 
with prior pill use 8 Hepatic adenomas or carcinomas 9 Known or suspected pregnancy 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects trom oral contracep- 
tive use. This risk increases with age ang with heavy smoking (15 or more cigarettes per day} and 
is quite marked in women over 35 years of age. Women who use oral contraceptives should be 
Strongly advised not to smoke. 





he use of oral contraceptives +s associated with increased risks of severa Serious Conditions including 
nyOcardiai infarction. thromboembolism, stroke, hepatic neoplasia. and gallbladder disease. although the 
risk of serious morbidity or mortality 1s very smailin healthy women without underlying risk factors The 
Sk of morbidity and mertality increases sigreficantly in the presence of other underlying risk factors such 
as hypertension. hyperiipidemias. obesity and diabetes. Practitioners Greseribing oral contraceptives 
should be familiar with the following formation relating to these ngks The information contained in this 
bref summary :$ orincigally based on studies carried out in patients who used oral contraceptives with 
j Sugher formulations of estrogens and progestagens than those im common use today The effect of long 
. term use of the oral contraceptives with lower formulations of both estrogens and progestogens remains 
. do be determined Throughout this bref summary epidemolagical studies reported are of two types 
p retrospective of Case control studies and prospective or cchort studies. Case control Studies provide a 


te incidence of disease between oral contraceptive users and nonusers The attributable nsk does pro- 
je information about the actual occurrence of a disease in the population For further information. the 
‘teader is teferrad to a tex! on epidemiological methods 1 THROMBOEMBOLIC DISORDERS AND OTHER 
VASCULAR PROBLEMS a Myocardial Infarction An increased nsk of myocardial infarction has been 
Fassociated with orai cont-aceptive use This risk is ormaniy in smokers or women with other underlying 
risk factors for coronary ertery disease such as hypertension, hypercholesteratemia, morbid obesity and 
diabetes. The relative risk of heart attack far current oral COnTACEBHVE users has been estimated to be two 
to six. The risk s very iow under the age of 30 Smoking in combination with oral contraceptive use has 
; been shown fo contribute substantially to ine nodence of myocardial infarctians in women in their 
i mud-thirties or older with smoking accounting for the majonty af excess cases Mortality rates associated 
with curculatary disease have been shown to werease substantially in smokers. especially in those 36 
years of age and alder among women who use crai contracept-ves Oral contracepives may compound the 
effects of well-known nok factors. such as hypertension. diabetes, hyperlipviemias. age and obesity in 
particular some pragestagens are known to decrease HDL cholesterol and cause giucose intolerance. 
while estrogens may create a state of hyperinsulinism. Oral contraceptives have been shown to increase 
pioos pressure among users (see section 9 in WARNINGS) Similar effects on nsk factors have been 
Wssociated with an increased risk of heart disease Orai cortraceptives must be used with caution in 
omen with cardiovascular disease nsk factors. b Thromboembolism. An increased risk af thromboam. 
Ohe and thrombotic disease associated with ‘he use af orel contraceptives is well established Case 
control studies have found che relative risk of users compared to non-users to be 3 for the first episade of 
superficial venous thrombests. 4 to 11 for deep vein thrombosis or pulmonary embolism. and 15 to 6 tor 
women with predisposing conditions for venous thromboembolic disease Cohort studies have shown the 
relative risk to be somewhat lower about 3 for new cases and about 4.5 for new cases requiring hospital- 
zation. The risk of thramboembolic disease associated with oral Contraceptives is ot related to length of 
B Jot and disappears after pri use is stopped. A two- te four-fold increase in relative risk af post operative 
thromboembolic complications has been reported with the use af oral contraceptives The relative nisk of 
venous thrombosis i women who have predisposing conditions is twice that of women without such 
medical conditons ff feasible. oral contraceptives should be discontinued af feast four weeks prior ta and 
for two weeks aller elective surgery of a type associated with ani mcrease in osk of thromboembolism and 
cunng and glowing prolonged immobilization Since the immediate postgartum penod is also associated 
with an increased risk of thromboembolism. ora! contraceptives should be started no earher than four 
weeks atfer delivery in women who elect not to breast teed. c Cerebrovascular diseases Oral contracep. 
tives have been shows to crease both the relative and attributable risks of cerebrovascular events 
(thrombotic and hemorrhagic strokes), although. in generat the risk 1s greatest among older {>35 years) 
hypertensive women who aiso smoke. Hypertension was found to be a nsk factor for both users and 
non-users for both types of strokes. and smoking interacted to merease the rsk of stroke Ina large Study 

} the relative risk of thrambarr strokes has been shown to range from 3 for normotensive users to 14 for 
users with severe hypertension The relative ask of hemorrhagic stroke is reported to be 12 for non- 
F Smokers who used oral cortraceptives. 26 for smokers who did not use oral contraceptives. 76 for 
į smokers who used oral contraceptives. 18 tor normotensive users and 257 for users with Severe hyper- 
tension. The attributable rsks also greater in older women d Dose-retated risk of vascular disease fram 
oral Contraceptives. A positive association has been observed between the amount of estrogen and 
progestogen iG oral cantraceptwes and the mak of vascular disease A decine in serum high density 
upoprotems (HDL) has been reported with many progestational agents A decline in serum high density 
hpoprotems has Deen associated with an increased incedence of ischemic heart disease Because estro- 
gens increase HDL cholesterol. the net effect of an oral contraceptive depends on a balance achieved 
between doses of estrogen and progestogen and the aciwity of the progestogen used in the contraceptive 

| The activity and amount of beth hormones should be considered in the choice of an oral contraceptive 
Minumizing exposure to estrogen and progestogen Son keeping with good principles of therapeutics For 
any particular estragen/orogestagen combination, the dosage regimen prescribed should be one which 
contains the feast amount of estrogen and progestogen that is compatible with a low farture rate and the 
needs of the individual cahent New acceptors of ora! contraceptive agents should be started an prepara- 
uons containing 0.035 mg or iess of estrogen e Persistence of risk of vascular disease There are two 
pstudies which have shawn persistence ot risk of vascular disease for ever-users of Oral contraceptives ina 
Study ui the United States. the isk of developing myscardial infarction after ascentinuing oral contracep- 
uves persists for af least 9 years for women 40-49 years who had used gra! contraceptives for Hve ar 
ore years. but this increased nisk was nat demonstrated m other age groups in ancther study in Great 
man, the osk of developing cerebrovascular disease persisted far at least 6 years after discontinuation 
f oral contraceptives. although excess pisk was very Small. However. both studies were performed with 
a: Contraceptive formulations containing 50 micrograms or higher of estrogens. 2 ESTIMATES OF 
ORTALITY FROM CONTRACEPTIVE USE Öne study gathered data from a variety of Sources which have 
psuimated ihe mortally rate associated with different methods of comraception at different ages. These 
Sumates inciude the combed nsk of death associated with contraceptive methods pius the nisk attru- 
able to pregnancy im the event of method fadure Each method of contraception has HS specific benefits 
BAG sks. The study concluded tra! with the exceptian of oral contraceptive users 35 and older who smoke 
pad 40 and older wha do not smoke, mortality associated with all methods of birth control is tow and 
helow that associated with chidbuth However smokers 35 and older ang non-smokers 40 and older who 
iSe Grai Contraceptives have a significant wicrease in mortality higher than those using other methods at 
oath contrat These facts must be weighed in conjuncuon wath faure rates for other methods and the risk 
associated with subsequent pregnancy 3 CARCINGMA OF THE REPRODUCTIVE ORGANS. Numerous 
epidemiological studies have been performed on the incidence of breast, endometrial, ovarian and cervical 
ENCEN women using oral Comraceplives Whe there are conflicting reports the overall evidence in the 
perature Suggests that use of oral contraceptives 15 nol associated with an increase in the nisk of 
developing breast cancer The Cancer and Steroid Hormone (CASH) study also showed na latent effect on 
he risk of breast cancer for at ieast a decade following long term use Same studies have shown a Shgntly 
increased relative nisk of developing breast cancer Sone studies suggest that orai contraceptive use has 
pen associated with an increase in the risk of cervical intraepithelial neopiasia in some populations of 
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in 
women However there continues to be controversy about the extent to which such findings may be due to 
differences in sexual behavior and other factors. In Spite of many studies of the relationship between oral 
Comracepive use and breast and cervical cancers, a cause and effect relationship has not been estab- 
lished. 4. HEPATIC NEOPLASIA Benign hepatic adenomas are associated with oral COMTACEDLVE use, 
although the incidence of benign tumors is rare in the Umted States. indirect calculations have eshmated 
the atinbutable risk to bein the range of 3.3 cases/100.000 for users. a sk that increases after four gr 
more years of use especially with oral contraceptives of higher dose. Rupture of benign. hepatic adenomas 
May cause death through intra-abdominal hemorrhage. Studies from Britain have shown an increased nsk 
of developing hepatocellular carcinoma in long-term {>8 years} oral contraceptive users However these 
cancers are rare in the US. and the attributable risk (the excess inciderice) of liver cancers in oral 
contraceptive users approaches less than one per milion users 5 OCULAR LESIONS There have been 
cunical case reports of retinal thrombosis associated with the use of oral contraceptives. Oral cantracep- 
nyes Should be discontinued if there is unexplained partial or complete loss of vision onset of protoss 
or diplopia. papiliedema. or retinal vascular lesions. Appropriate diagnostic and therapeutic measures 
should be undertaken immediately § ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREG. 
NANCY RISK GF BIRTH DEFECTS Extensive epidemiological studies have revealed no increased risk af 
birfh defects in women who have used oral comraceplives phor to pregnancy The majority of recent 
studies also do not indicate a teratogenic effect, particularly in sq far as cardiac anomalies and amb 
reduction defects are concerned, when taken inadvertently during early pregnancy The admiusteatian of 
oral Contraceptives to induce withdrawal bleeding should not be used as a test far pregnancy Oral 
contraceptives should not be used during pregnancy to treat threatened or habitual abortion. 1s recom. 
mended that for any patient who has missed two consecutive penods pregnancy should be ruled out 
before continuing oral contraceptive use. if the patient has not adhered to the orescrbed schedule, the 
possiblity of pregnancy should be considered at the time of the first missed period Oral contraceptive 
use should be discontinued until pregnancy is ruled out 7 GALLBLADDER DISEASE. Earlier studies have 
reported an increased lifetime relative risk of gallbladder surgery in users of oral convaceptives and 
estrogens. More recent studies, however, have shown that the relative risk of developing gallbladder 
disease among oral contraceptive users may be minimal The recent findings of mimmal ngk may be 
related fo the use of oral contraceptive formulations containing lower hormonal doses of estrogens and 
Drogestogens. 8 CARBOHYDRATE AND LIPID METABOLIC EFFECTS Orai contraceptives have heen shawn 
to cause a decrease in glucose tolerance in a significant percentage of users. This effect has been shown 
to be directly related to estrogen dose Progestogens increase insulin secretion and create msuln resist- 
ance, this effect varying with different progestational agents. However in the non-diabetic woman, oral 
contraceptives appear to have no effect on fashng blood glucose Because of these demonstrated effects 
prediabetic and diabetic women in particular should be Careluly monitored while taking oral contracep- 
tives. A small proportion of women will have persistent hypertugiyceriderma while on the oil As dis- 
cussed earlier (see WARNINGS la and id), changes in serum trigh cendes and ipoproten ievels have been 
reported in oral contraceptive users. 9 ELEVATED BLOOD PRESSURE. An increase in blood pressure has 
been reported in women taking oral contraceptives. and ths increase is mare ukely in older gral conira- 
ceplivé users and with extended duraticn of use. Data from the Royal College of General Practitioners ang 
subsequent randomized tnals have shewn that the incidence of hypertension increases with increasing 
pragestauonal activity Women with a history of hypertension or hypertension-related diseases, ar renal 
disease. should be encouraged to use another method of contraception H women elect to ose ara! 
contraceptives. they should be monitored closely and if significant elevation at wood pressure Occurs, oral 
contraceptives shouid be discontinued For most wamen. elevated piopd pressure wal tetuen to normat 
after stopping orai contraceptives. and there is no difference in the aceurrence of hypertension between 
former and never users 10. HEADACHE The onset or exacerbation of migraine of development of headache 
with a new pattern which is recurrent. persistent or severe requires ciscontinuation of oral cantraceptives 
and evaluation of the cause 11 BLEEDING IRREGULARITIES Breakthrough bleeding and spatimg are 
somelimes encountered in patients on oral contraceptives, especially during Mie first three months of use 
Non-hormonai causes should be considered and adequate diagiosthic measures taken to rule out malig. 
fancy Of pregnancy im the event of breakthrough bieeding as in the case of any abnormal vaginal meeding. 
H pathology has been excluded, time or a change to another formulation may solve ihe problem in the 
event of amenorrhea pregnancy should be ruled out. Some women may encounter post pHi amenorrhea or 
oligamenorrhea, especially when such a condition was preexistent 12 ECTOPIC PREGNANCY. Ectanic ag 
well as intrauterine pregnancy may occur in contraceptive faituras PRECAUTIONS: | PHYSICAL EXAMI 
NATION AND FOLLOW UP A complete medical histary and physical examunation should be taker prior to 
the imbation or remstitution of oral contraceptives and at least annually during use of oral contraceptives 
These physical examinations should include special reference to bload pressure. breasts. abdomen and 
pelvic Organs. inciuding cervical cytology and relevant laboratory tests in case of undiagnosed persistent 
or recurrent abnormal vaginal bleeding. appropriate diagnostic measures should be conducted ty rule out 
malignancy Women with a strong family history of breast cance: or who have breast nodules should be 
monitored with particuiar care. 2. LIPID DISORDERS Women who are being treated for hyperiindennas 
should be followed closely if they elect to use ora! contraceptives Some progestogens may elevate LDL 
levels and may render the control of hyperiidemias more dithcull 3 LIVER FUNCTION. it iaunthce 
develops in any woman receiving such drugs. the medication should be ciscontinued Sterow hormones 
may be poorly metabolized in patients with impaired liver function 4 FLUID RETENTION Oral conlracep- 
{IVES May Cause some degree of fluid retention They should be prescribed with caution. and aniy with 
careful monitoring. in patients with conditions whch might be aggravated by fad retention 5 EMO 
TIONAL DISORDERS. Women with a history of depression should be carefully observed and the drug 
discontinued if depression recurs to a serious degree. 6 CONTACT LENSES Contact lens wearers who 
develop visual changes or changes in lens tolerance shouid be assessed by an ophthalmologist 7 ORUG 
INTERACTIONS. Reduced efficacy and increased incidence ot breakthrough bleeding and menstrual ireg- 
ularives have been associated with concomitant use of rfampen A simdar association though jess 
marked. Aas been suggested with barbiturates. phenylbutazone. phenytoin sodium. and passibly with 
griseofulvin, ampicilin and tetracyclines. 8. INTERACTIONS WITH LABORATORY TESTS Certain endocrine 
and hver function tests and blood components may be aftected by orai contraceptives a increased 
prothrombin and factors Vil VEL IX. and X. decreased antithrombin 3. increased norepineghnine- induced 
platelet aggregabiity b Increased thyroid binding globulin {TBG} leading to increased cuculaing total 
thyroid hormone. as Measured by protem-bound iodine (PBI) T4 by column or Dy fadio-immunoassay Free 
T3 resm uptake :s decreased, reflecting the elevated TBG. free T4 concentration is unaltered c Other 
binding proteins may be elevated in serum d Sex-binding globulins are mcreased and result in glevaied 
levels of total circulating sex steroids and corticoids: however. free ar tiolagicaily active ievels reman 
unchanged e Triglycerides may be increased f Glucose tolerance may be decreased g Serum folate levels 
may be depressed by ora! contraceptive therapy This may be of chrical significance it a woman becomes 
pregnant shortly alter discontinuing oral contraceptives. 9 CARCINOGENESIS See WARNINGS secron 
10. PREGNANCY Pregnancy Category X. See CONTRAINDICATIONS and WARNINGS sectians {1 NURSING 
MOTHERS. Smali amounts of oral contraceptive steroids have been identified in the mulk of nursing 
mothers and a few adverse effects on the child have been reported, iicluging jaundice and breast enlarge- 
ment. ie addition, oral contraceptives given in the postpartum periad may interfere with lactation by 
decreasing the quantity and quality of breast mnik. if possible. the nursing mother should be advised nat to 
use oral Contraceptives but to use other forms of contraception until she has completely weaned her chiin 
INFORMATION FOR THE PATIENT: See Patient Package insert. ADVERSE REACTIONS: An meteased risk 
of the following serous adverse reactions has been associated wiin the use ol oral contraceptives (see 
WARNINGS section) Thrombephiebitts and venous thrombosis with ar without embolism Arterial throm- 
beembolism. Pulmonary embolism Myocardial mftarchan. Cerebral hemorrhage Cerebral thrombosis 
Hypertension Gallbladder disease. Hepatic adenomas or benign liver tumors The following adverse reac. 
trons have been reported in patients receiving orai contraceptives and are beleved to be grug relate 
Nausea. Vomiting. Gastrointestinal symptoms (such as abdominal cramps and bloating) Breakthrough 


bleeding. Spotting. Change in menstrual flow. Amenorrhea Temporary infertuity after discontinyation of 
treatment. Edema. Melasma which may persist Breast changes: tenderness. enlargement, secretion 
Change in weight (increase or decrease) Change in cervical erosion and secretion. Diminution in lactation 
when given immediately postpartum. Chalestatic faundice. Migraine Rash {allergic Mental depression 
Reduced tolerance to carbohydrates Vaginal canditiasis. Change in corneal curvature (steepening). Intoler. 
ance to contact lenses. The following adverse reactions have been reported in users of oral contracephves 
and the association nas been neither confirmed nor refuted Pre-menstruai syndrome Cataracts Changes 
in appetite. Cystins-like syndrome. Headache. Nervousness. Dizziness. Hirsutism. Loss of scaip hair Ery- 
thema multiforme Erythema nodosum. Hemerrhagic eruption. Vagirutis. Porphyra. impaired renal tung- 
hon Hemolytic uremic syndrome. Acne Changes in tbido Colitis OVERDOSAGE: Serious i? effects have 
not been reported following acute ingestion at large doses of oral contraceptives by young children 
Overdasage may cause nausea and withdrawal bieeding may occur in temaies. ORTHO 








ORTHO PHARMACEUTICAL CORPORATION 
Raritan, NJ OBB6S- 0602 


Low rates a 
of breakthrough bleeding; 
and nuisance side fect 


High levels 
of patient satisfaction 


21- and 28-day regimens | 


| . ® 
tSerious as well as minor side effects m 
have been reported with the use of oral 
contraceptives. The physician should ADE 


remain alert to the earliest manifestations r - 2 
of any symptoms of serious disease norethindri one/ ethinyl estradiol 
and discontinue oral contraceptive 

therapy when appropriate. 


Piease see brief summary of complete ORTHO 
Prescribing Information on the preceding page. 

ORTHO PHARMACEUTICAL CORPORATION NA 
Raritan, New Jersey 08869-0602 


© OPC 1988 OJ-376R 





